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CHANGE IN CONVERGENCE AND RETINAL DISPARITIES AS 
AN EXPLANATION FOR THE WALLPAPER PHENOMENON ! 


HIROSHI ONO, LANCE MITSON, лхо KAREN SEABROOK ° 


York University 


A. Ames’ notion that the shift in apparent distance observed in the wallpaper 
phenomenon is due to a change in retinal disparities rather than a change in 
convergence was investigated. In Exp. I, repeating patterns on a Veith- 
Mueller circle and on a frontal parallel plane were presented to 18.5s. Apparent 
distance decreased as convergence level increased in both situations, support- 
ing the notion that convergence as a cue is involved. In Exp. II, a repeating 
pattern was presented to 30 Ss such that convergence level was constant but 
disparities varied. Apparent distance was a function of disparities only 
when Ss became familiar with the pattern, indicating that known size of the 
pattern and disparities together serve as a cue but not disparities per se. 
An argument is made that the explanation for the wallpaper phenomenon does 
not rest on a single cue and that the apparent distances obtained were an 
outcome of the visual system integrating different and conflicting sets of 


information. 


When a uniform repeating pattern is 
viewed with certain vergences so that 
pairs of elements in the pattern are fused, 
the entire pattern changes in apparent 
distance. This effect, called the ‘‘wall- 
paper” phenomenon, has been explained in 
two different ways. The traditional ex- 
planation is that convergence serves as a 
cue for determining the apparent distance 
(Helmholtz, 1925). In support of this ex- 
planation, a recent experiment by Lie 
(1965) showed nearly perfect correspond- 
ence between apparent distance and con- 
vergence distance. The second explanation 


l'This research was supported by Grant A0296 
from the National Research Council of Canada. — 

? Requests for reprints should be sent to Hiroshi 
Ono, Department of Psychology, York University, 
Toronto, Ontario, Canada. 
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is that the shift in apparent distance is due 
to the changes in retinal disparities of the 
pairs of elements that accompany the 
change in convergence (Ittelson, 1960). 
Disparity in this situation refers not to the 
degree of noncorrespondence produced by 
a single point, but to that produced by two 
corresponding elements of the pattern 
which are fused. A geometric derivation 
with a pictorial illustration of the change 
in disparities as a function of vergence 
appears in Ittelson (1960, pp. 123-127). 
In support of this explanation, Ames 
(described in Ittelson, 1960) demonstrated 
a lack of apparent-distance shift when à 
repeating pattern arranged in a Vieth- 
Mueller circle was viewed with different 
vergences and also a shift in apparent dis- 
tance when vergence was kept constant 
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2 

but disparities were changed by the use 

of prisms. i ә 
The second explanation can be criticized 


on a logical ground (Ono, 1970). A difficulty 
arises from the fact that retinal disparities 
per se can provide information for exocen- 
tric distance, but not for egocentric dis- 
tance (cf. Gogel, 1971; Ogle, 1962). When 
one of the points is О and the other is 


some external point, the extent is ] 
absolute or egocentric 
two points are both 
tween the points i 
ocentric distance, 

nomenon is 


abeled 
distance. When the 
external, the extent be- 
5 called depth or ex- 
The wallpaper phe- 
a misjudgment of an egocentric 
distance; and, therefore, the difference in 
disparities provided by changes in con- 
vergence cannot be an explanation. The 
Present argument implies that changes in 
disparities may be involved jn Ames’ re- 
sults, but S must be using other informa- 
tion or cues instead of, or as well as, the 
disparities to make the judgment. 

The concern of the two experiments re- 
ported here is with 


the two experimental 
Settings studied by Ames. The investiga- 
tions made by Ames Were more in the 
nature of demonstr 


ations than experiments. 
The present experiments 
in a more 


Controlled settin: 
dealt with measurements 
tance of a repeating 
Mueller circle 
Plane for diff 
Experiment 11 
apparent dista. 
on a frontal pai 
ing conditions, 
in disparities, 1 
Stant by using 


ieth- 
al parallel 


Put vergence Wa: 
wedge prisms, 


ExPERIMENT I 


The appare 
pattern on 


frontal para 


nt distance of 
a Vieth-M 


a repeating 
Ше! plane 


ueller circle 


at four 


ation. The 

с > ably reflects the 
way oe visu Ives the conflict, 
OI |. Tepeating Pattern on à frontal 
paralle plane System must Cope 
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with competing information. Saqa is 
formation, such as the knowledge o E. 
actual location, accommodation, ee 
size plus constant retinal image p ane 
perhaps other factors, indicates that kr 
Screen has not moved. Opposing шоши 
tion such as that from convergence 2 
dicates that the screen has moved Be 
to O. Additional opposing information cou 
be the known screen size plus inerea 
disparities. Because disparities produsi 
by a given object are correlated e 
egocentric distance, a change in dispari ‘he 
can be a cue to distance, if the size of ae 
object is known or assumed to be equal E 
different distances. Presumably, the лели 
System processes both sets of informally 
and reaches a compromise. In the ear, s 
viewing the pattern on a Vieth-Muel 2 
circle, changes jn convergence produc 
(theoretically) no change jn disparities: 
Hence, there is no information other ш 
Convergence to compete with the роси 
tion indicating no screen movement. A 
hypothesis tested was that there is a wa. " 
Paper effect in both viewing situations, € 
that the agreement between the vergen 
levels and the apparent distances should M 
greater for the pattern presented on t 
frontal parallel plane, 


Method 


Apparatus. — 


h 
4 8 ire mes 
Three apparatuses with wire 
Screens (mes] 


Er 
h size 1,3 ст.2) were built. One арр 
tus had a flat Screen 41 em. high X 46 cm. M 
mounted. between 51 92 cm. plywood pla: a 
The Screen subtended approximately 45 Е us 
Viewing distance of 51.8 cm. A second appar г 
consisted of à Cylinderical screen 51.8cm. in QE 
and 41 em, high suspended between two DPA. 
disks, A 20-cm.-wide strip was cut out to REO 
date а headrest. A third apparatus oo in 
9f à section of a cylinderical screen 51.8 a 
diamete and 41 em, high cut down to subten The 
Proximately 45° from the bridge of the nose. root 
Cylindrical ‘section Was mounted between рус я 
disks mounted on two vertical supports 20 cm. AP US 
one On each side of the headrest. Thi per 
had approximate]y equal screen area to the wa? 
Screen of the first apparatus, Each apparatus cay 
Provided with 4 removable thin rod projec the 
Vertically down into S's field of view such that * f 
tip was at eye level and Straight ahead. The Bs e 
the rod was used to indicate to 5 the арргор д 
vergence, In addition, One vertical wire formin? 4 
?oundary of а single mesh in the median plane 4 


| 
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Removeable Rod 


Fic. 1. Schematic drawing of one of the three apparatuses used in Exp. 1. 


at eye level was distinguished with black tape. The 
black marker enabled Æ to monitor S’s convergence 
level. The second apparatus is illustrated in Fig. 1. 

All the apparatuses were designed to clamp on a 
single base provided with a chin and forehead rest 
combination. Also mounted on the base was а 
sliding block which S used to indicate the apparent 
distance of the screen. The S’s hand and the slider 
were covered by the bottom plate of the apparatus 


and thus no visual feedback was possible. Attached 
to the slider was a scale enabling E to read S's 
Setting. 

In addition to normal room lighting, a small 
fluorescent light placed behind and above S's head 
was used to light the screen. The screens were 
viewed against a white background. 

Experimental design.—The three viewing condi- 
tions formed the major experimental variable. They 


4 


were: (а) Frontal Parallel Plane, (b) Complete 
Vieth-Mueller Circle, and (c) Partial Vieth-Mueller 
Circle conditions. The reason for the two different 
Vieth-Mueller conditions was to control for the 
visual extent of the repeating pattern. If there is 
no difference in apparent distance between Cond. 
b and c but b and c differ from а, 
about the differences in the appari 
repeating patterns on a Vieth- 
frontal parallel plane can be 
Cond. a and c produce the sami 
which is different than th. 
able is the visual extent of 
An experimental session 
one of the three viewing con 
ing measures of the 3pparent distances of the screen 
at different levels of convergence. All Ss served in 
all conditions. To control order effects, the sequence 
of the three viewing conditions was completely 
counterbalanced across 18 Ss, There were six se- 
quences with three Ss in each Sequence. In each 
Session, four convergence distances were required 
of each S, corresponding to perceived Separations of 
the diplopic images of the marker of 0, 1, 2, and 3 
units (1 unit being defined as one 
mesh). The apparent distance 


then inferences 
ent distance of 
Mueller circle and a 
made. However, if 
€ apparent distance 
at of b, the critical vari- 
the repeating pattern. 

consisted of presenting 
ditions to S and obtain- 


r : the blocks. The four 
comprised a Latin-squ 

Procedur. t experimental session 
ce of each S was meas- 


\ eller circles and 
Istance awa - 
rontal parallel plane screen, Ari 


was then withdr. 


images apart for 20 sec. 
Was repeated until 4 suce 


2 ch ne three required se i R 
diplopic image: E Si 


arations of th 

5 of the marker, If S fai ан 

i 1 : led to achieve 

Successful attempts in a total of 10 tries he wa М 

rejected from the experiment, Pr. : or 
the various 


actice periods for 


y Set period of 1 min daos Na 
elore the test period 9 d 
Peu ae M aad E stressed to "d dr 

х ға oj 
пона distance and to report only the 
died SURE Ч | the portion of the screen bein, 

* SNS grasped the handle of the 


| 
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slider with the thumb and forefinger of ш EAR 
ferred hand, and, when the rod was remora ie 
the slider beneath the apparent location Ыр. d 
screen. If any change in the image Med id 
the marker occurred before the response, E The 
was disregarded and another run immediate 
5 was asked to close his eyes between each ach 
One-minute rest periods were given between | 
of the four blocks of trials. DE sa thal 
Subjects.—A total of 41 men participated ; vil 
experiment. Of these, 18 met the criterion bs high 
in all three sessions. Sixteen Ss were from loca nity: 
schools, and 2 were from the university comm! wer 
All Ss had 20/20 vision in both eyes. The 55 
paid $2.00 per session. 


Resulls and Discussion | 


In each viewing condition, the data б 
tained were four measurements of appa ig- 
distance for each of four convergence zh 
tances. А polynomial regression analy 
was performed on the data for each 5 us n 
each viewing condition. For each апау" 
the total sum of squares was partitio. 
into linear, quadratic, and cubic soU 
In the Frontal Parallel Plane conditi u 
the linear source was largest for 16 са 
of 18 Ss and was statistically significà í 
(b < .05) for all 16 Ss. The mean percen rc 
variance over 18 Ss due to the linear p 
(100 X linear sum of squares/total sH 
of squares) was 62.8%, due to the quadr? j 
Source Was 6.9%, and due to the сой 
Source was 1.5%. In the Complete Me 
Mueller Circle condition, the linear "E 
was largest for 14 out of 18 Ss and il 
statistically significant (p < .05) for a^ 4, 


үх 1, 2 д 
Ss. The mean percent of variance du 


the 
the linear Source was 43.8%, due “3 he 
quadratic source was 8.3%, and due t rtial 
cubic source was 7.4%. In the A 
Vieth-Mueller Circle condition, the rd | 
Source was largest for 15 out of 18 5$ rt | 
Was statistically significant (p < .05) for of 
Out of the 15 S 


ѕ. The mean percent, 
€ linear source was 40- an 
quadratic source was 8.996: f 
due to the cubic source was 3.1%. pe: 
This outcome Was considered tO im^ 


. . à 1 
sufficient Justification for applying а ‘al 
ple linear 


regression analysis to the cie 
for all Ss. For each S, the slope an die 
intercept of the regression line for pe? 
apparent distance on the converg? 
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distance were determined for each viewing 
condition. The means and the standard 
deviations of the slopes and intercepts 
are presented in Table 1. In the table, 
two sets of means and standard deviations 
are shown for each viewing condition; one 
set was obtained from all 18 Ss, and the 
second set was obtained only from the 
first experimental session. The values in 
the second set are those without the effects 
of being exposed to the other viewing 
conditions. Each value in the second set 
was obtained from 6 Ss, not 18. 

Two-way (3 X 6) analyses of variance 
with correlated measures on one factor were 
performed on the two scores described 
above. The variables were the 3 viewing 
conditions and the 6 orders of presenta- 
tion. The analyses showed that the main 
effects of viewing condition were statis- 
tically significant (р < .001) for the slope 
and intercept scores, F (2, 24) = 13.53 and 
F (2, 24) — 16.20, respectively. The as- 
sumption of equal covariance for a re- 
peated-measurements design was not tested. 
However, the Geisser-Greenhouse univari- 
ate conservative F test still indicated 
significant differences among conditions 
at p « .001. The main effects in the slope 
and intercept scores were due to the 
Frontal Parallel Plane condition having a 
higher mean slope and lower mean in- 
tercept relative to the other two conditions. 
'The Scheffé multiple comparison of slope 
scores showed that the Frontal Parallel 
Plane condition was significantly different 
from the Partial Vieth-Mueller Circle 
condition and from the Complete Vieth- 
Mueller Circle condition (p < .01), but 
the two Vieth-Mueller circle conditions 
were not significantly different from each 
other. The lack of difference between the 
two conditions indicates that the visual 
extent of the repeating pattern did not 
play a major role in the outcome of the 
experiment. 

Also statistically significant were the 
interactions of Condition X Order for the 
intercept scores, F (10, 24) = 
2.23, р < .06, and F (10, 24) 2.82, 
р < .05, respectively. Тһе interactions 
were partly due to the fact that the viewing 


slope and 


TABLE 1 


MEANS AND STANDARD DEVIATIONS OF SLOPES АМ 
INTERCEPTS FROM THREE TEsT SESSIONS COMBINE) 
AND FROM First Test SESSION FOR THREE 
VIEWING CONDITIONS IN EXPERIMENT I 


Cond. 
Measure 
Frontal Partial Full 
Parallel V-M V-M 
All three sessions 
оре 
X .52 25 27 
5р 25 26 22 
Intercept 
x 21.71 35.74 33.94 
SD 14.56 15.19 12.49 
First test session 
Slope 
X .68 .33 .32 
SD .19 .28 .08 
Intercept 
P4 14.57 27.95 32.49 
5р 11.32 13.40 5.03 


condition tested first tended to give higher 
slope and lower intercept. This tendency 
can be seen in Table 1. 

The results supported the hypothesis 
that the Frontal Parallel Plane condition 
should yield an apparent distance closer 
to the convergence distance than should 
be the case for the two Vieth-Mueller 
circle conditions. This conclusion was in- 
dicated by the steepest slope in the Frontal 
Parallel Plane condition. (Complete agree- 
ment would be a slope of unity). Also rele- 
vant to the hypothesis is the fact that the 
slopes in the two Vieth-Mueller conditions 
were greater than zero. A comparison of 
each mean against zero using / tests 
yielded ¢ (17) = 3.90, p «.002 (two- 
tailed), for the Partial Vieth-Meuller 
Circle condition and £ (17) = 5.05, p < .002 
(two-tailed), for the Complete Vieth- 
Mueller Circle condition. The fact that the 
mean slopes in the two conditions were 
significantly greater than zero contradicts 
Ames’ observation that the apparent dis- 
tance remains constant for different con- 
vergence distances in the absence of change 
in disparities. The results of the present 
experiment are consistent with the tradi- 
tional explanation that convergence as 


6 


a cue is involved with the wallpaper 
phenomenon. 2. 

Furthermore, the mean slope of .52 
obtained 


in the Frontal Parallel PI 
condition is not entirely consistent with 
Lie's (1965) findings showing almost per- 
lect correspondence between the con- 
vergence distance and apparent distance, 
i.e., Lie's results would have produced a 
slope near unity, Perhaps, in the present 
experimental situation, the knowledge of 
actual location of the Screen played a 
greater role than in Lie's experiment. The 
reason why this should have been the case 
is not entirely clear. The present results 
are in line with the notion that the visual 
System reaches a compromise between 


the Competing sets of information about the 
location of the Screen. 


ane 
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a 
Exp. II was that when Ss encon Siia 
repeating pattern of unknow n k id hol 
for the first time, disparities cou a 
determine the apparent distance, then 
the same repeating pattern were ated 
presented with altered disparities, ECC Ss 
distance would be different. Half Е, а pair 
viewed а repeating pattern through | then 
of prism lenses (base in) first me other 
through a pair of plain glasses. T a rough 
half of the Ss viewed the screen through 
the plain glasses first and then b. tha 
the prism lenses. The prediction р, тош! 
viewing the repeating pattern iere 
prisms or plain glasses makes no diffe M. 
on the first test period. However, the S 
Whose sequence was plain glasses, Pa 
will receive an increase in disparitie ^n 
the second period relative to the firea t 
hence should report a decrease in apP тре 
distance on the second test period. plain 
group whose Sequence was prime, Б 
glasses will receive à decrease in FORD. the. 
on the second test period relative ae | 
first and hence should report an inc st 


te: 
: khe second 

apparent distance on the seco 
period. 


METHOD 
A bparatus,—] 


13 
Were used in p. 


att 
Joth a training and a test T Г 
Xp. П. The training дын vari UA 
£et rod, which could be eris meê Ў 
ances іп S's median plane, and a ана зага са 
anism similar to that used in Exp. I. The ois feed 
Was designed to allow Е to give propriocept? target 
back to S as to the correct location of бв. sh d 
while S's hand Was on the slider. A Dice ant 
Supporting the target rod covered S's ha 


s 
Prevented visual feedback, that P 
The test apparatus was constructed so of th 
formation abo 


ut the mesh size and the aiaee ent 
Screen would be minimal prior to the ехе 5 a 
The schematic rawing of the test арр of б 
Presented in Fig. 2. The apparatus саанан) ins 
Wire mesh Screen (mesh size 13 ст), EE. "i 
40.5 cm. high and 83.0 cm. wide, mounted side Je 
Side of a rectangular plywood box. At the habe 
the box, Opposite to the Screen, a pair of bm D 
goggles was mounted such that the distance fre ст 
Tont surface of th, goggles to the screen No CO e 
The detachable goggles permitted the inser r ivo 
а pair of lenses, Either two plain glasses d ig 
wedge prism lenses (3 diopters, base in) We шо! 
serted, depending 9n the experimental Re соб 
Тһе center of the lenses could be separated t TA 
Tespond to the interocular distance of 


£c 
a о ; раі? 
interior of the box, including the Screen, was Р 
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mat black. (There was no theoretical or methodo- 
logical reason for having the screen painted black. 
Because of the difficulty of removing stray paint, 
the screen was painted black to make the repeating 
pattern uniform.) Illumination was by means of 
two 60-w. bulbs located at the two interior corners 
opposite the screen. The two bulbs gave approxi- 
mately even illumination and made the screen 
clearly visible. The screen was viewed against a 
black wall. As in Exp. I, a small white marker was 
attached to the screen. Also as in Exp. I, it was 
possible to insert a thin rod vertically down into 
S's field of vision to indicate to S the appropriate 
vergence. The entire apparatus, with the exception 
of the goggles, was shrouded in black cloth. A 
guillotine door in front of the goggles controlled 
the time and duration of viewing of the interior of 
the apparatus. Thus, no information concerning 
the mesh size of the screen or the true distance of 
the screen was available to S prior to the experiment. 

Experimental design.—The sequences of No Prism 
and Prism viewing conditions formed the major 
experimental variable. The two possible sequences 
were the basis for two independent experimental 
groups. One group (No Prism First) viewed the 
screen first through plain glasses and then through 
the prism lenses. Another group (Prism First) 
viewed the screen first through the prisms, then 
through plain glasses. The Ss were randomly as- 
signed to one of the two groups. 

Procedure.— The interocular distance of each S 
was measured and recorded. The S was seated at the 


р" 


= 


Marker 


training apparatus and instructed to grasp the 
handle of the slider mechanism and to place his 
chin in the chin rest. The S was asked to look at the 
tip of the vertical rod and set the handle of the 
slider beneath it. Following each trial, E provided 
feedback by moving the slider to the correct loca- 
tion beneath the rod, and S returned the slider to 
the starting position which was approximately below 
the eyes. Rod positions were 20, 30, 40, and 50 cm. 
from the bridge of the nose of S. Rod positions were 
presented randomly in five blocks to constitute 20 
trials. The training period lasted 4-5 min. This 
training procedure was used because an otherwise 
identical experiment gave ambiguous results, 

Following adjustment of the goggles for in- 
terocular distance and insertion of the appropriate 
lenses, S was seated at the test apparatus, The S 
was instructed to keep his head steady against the 
goggles and to describe what he saw on the screen 
when the guillotine door was raised. This procedure 
was continued until either S met the necessary 
criteria for each condition or S was rejected from 
the experiment. With perfect linkage between ac- 
commodation and convergence, S should see a single 
marker on the screen in the No Prism condition and 
two markers two grid units apart in the Prism con- 
dition. When .S perceived the marker(s) in this 
manner, the vergence was the same for both condi- 
ditions. However, not all Ss fulfilled this require- 
ment. Hence, the following procedure was used to 
select Ss. 


~ ` Black Drape Over 
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Rh NN Ruler 
И Pass 


Everything 


S Door String 
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x Goggles 
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-a-p Guillotine 


Door 


Measuring Tape 
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Fic. 2. Schematic drawing of the test apparatus used in Exp. II. 
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In the No Prism condition, Ss were required to 
give three consecutive reports of a single marker in 
a maximum of 10 exposures of the screen. In the 
Prism condition, Ss were required to meet one of 
two criteria. The first criterion was satisfied if he 
gave two consecutive reports of two markers 
grid units apart in three exposures. If S faile 
meet the first criterion, an attempt was made to 
train him to use the required convergence before he 
developed a tendency to use a different convergence 
level. To accomplish this, three Steps were involved: 
(a) A rod was introduced at the appropriate distance 
computed from the interocular distance of S and 
the prism characteristics, The guillotine door was 
raised, and . was asked to look at the tip of the rod 
and to describe what he saw on the screen. (b) The 
door was opened, and if S reported the required 
separation, the rod was removed. (c) The guillotine 
door was opened without the rod. If S reported the 
required Separation in Step a in two consecutive 


he proceeded to Step b. In 
Step b, if 5 maintained the re 


two 
d to 


"s vergence was 
checked further by asking him When he saw two 
markers, to close one eye ort whether the 
seen marker was оп the right or left of the unseen 
marker. This was done to insure that 5 was not 
Perceiving two markers by converging beyond the 
Screen, 
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Results and Discussion 


The basic data for analysis were E 
means of five measurements of uei 
distance obtained for each S in each ke 
ing condition. The means and stan ui 
deviations of apparent distance for os 
condition and each group (Prism Е 
No Prism First) are presented in Table iced 
two-way (2X2) analysis of Varias ОЁ 
with correlated measures on one es 
was performed on the scores. The ana 
found a significant interaction (p < - 28) 
of Groups X Test Periods, F (1, f 
= 14.94. The main effects of Groups К 
the Test Periods were not statistic’ is 
significant. Examination of the table rev 
the source of interaction. The differer 
between Prism and No Prism conditi? 
was negligible on the first viewing, a5 ua 
be seen from the approximately ёт ‘ 
means for the first viewing in both gro" 
Differences between the groups ene 
in the second viewing. Viewing го 
prisms resulted in à smaller apparent ©] 
tance than viewing through plain glar 

The results support the hypothesis А 
ten Ss encounter а repeating patter ^ 
unknown unit size for the first time, 
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DISTANCE CUES IN THE WALLPAPER PHENOMENON 9 


pattern. The finding is in line with the 
notion that disparities per se are not a cue 
for egocentric distance. 

The fact that a greater proportion of Ss 
was rejected from the Prism First condi- 
tion than the No Prism First condition 
may have introduced a sampling bias and 
suggests a need to qualify the conclusion 
of Exp. II. Perhaps, the small curvature 
distortion introduced by the prisms or the 
diplopic images of the marker made the 
task difficult. However, the reason why 
the same task became easier after viewing 
the screen with the plain glasses is not 
clear. If an optical device can be made to 
eliminate the slight curvature distortion, 
the difference in proportions of rejection 
from the two groups may become smaller. 
Whether the mean apparent distances ob- 
tained in the two groups would remain the 
same with such a device cannot be answered 
from this experiment. 


GENERAL DISCUSSION AND CONCLUSIONS 


The two experimental settings investigated 
were those of Ames’ demonstrations (Ittelson, 
1960), from which he argued that the changes 
in disparities rather than convergence were re- 
sponsible for the wallpaper phenomenon. Ex- 
periment I required a dissociation of the usual 
linkage of convergence and accommodation. 
Experiment II required the converse, namely, 
a strong linkage between accommodation and 
convergence. Given these different require- 
ments, a monitoring of vergence was clearly 
required in both experiments. Hence, a 
"marker" was used. However, the marker 
might have introduced a difficulty in meeting 
the above requirements in that the marker can 
serve as a fusional stimulus. Whatever the 
reasons for the difficulties, more than half of 
the Ss who participated in Exp. I and about 
half of the Ss in Exp. II failed to meet the 
requirements. 

The chief results obtained from Ss who ful- 
filled the requirements were somewhat differ- 
ent from those observed by Ames. In Exp. D 
unlike Ames' observation, the two viewing 
conditions in which a uniform repeating pat- 
tern was placed on a Vieth-Mueller circle 
yielded changes in apparent distances as a func- 
tion of convergence distances. The decrease 
in the apparent distances as convergence level 
increased was not as steep as that of the pattern 


on a frontal parallel plane; but, nevertheless, 
the decrease was reliable. In Exp. II, when a 
convergence level was kept constant but dis- 
parities differed, apparent distance was a func- 
tion of disparities only when Ss developed as- 
sumptions about the size of the units forming 
the repeating pattern. 

With regard to the question about the correct 
explanation for the wallpaper phenomenon, the 
results of the present study suggest that the 
explanation does not lie in a single cue. In the 
two experimental situations, the visual system 
has several means of determining apparent dis- 
tance. Hence, the situations are that of cue 
conflict. In Exp. I, no attempts were made to 
eliminate the information about the actual 
location of the screen or the size of the wire 
mesh. One set of information consisting of 
the knowledge of the actual distance, the ret- 
inal image size and the known mesh size to- 
gether, and the accommodation cue would bias 
the perceived distance toward the actual lo- 
cation. Another set of information opposing 
this bias consists of the changes in the con- 
vergence level and the changes in disparities 
plus the knowledge of wire mesh size together 
in the Frontal Parallel Plane condition, or the 
convergence changes alone in the two Vieth- 
Mueller circle conditions. The fact that the 
Frontal Parallel Plane condition yielded slopes 
of the regression lines for apparent distance on 
convergence distance closer to unity than slopes 
from the two Vieth-Mueller Circle conditions is 
consistent with the cue conflict hypothesis. 
Also consistent with the hypothesis is the fact 
that in all three conditions the slopes were 
closer to unity when a particular screen was 
viewed for the first time. The knowledge of 
actual location might have played a greater 
role in determining apparent distance in the 
second and third experimental sessions as Ss 
become more certain about the actual distance 
of the screen. In Exp. II, in the first viewing 
condition, whether Ss viewed the screen with 
prisms or no prisms, conflict was minimal. 
The only cues operating were those of accom- 
modation and convergence. However, in the 
second viewing condition the increase or de- 
crease in the disparities was in conflict with the 
fact that convergence, accommodation, and 
retinal image size remained the same. The 
results of Exp. II support this hypothesis. 
The contention of this paper is that perceived 
distance is an outcome of the visual system pro- 
cessing several sets of information and reaching 
a compromise when there is conflict between 


two or more sets. 
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SPATIAL PARAMETERS OF EYE-HAND ADAPTATION 
TO OPTICAL DISTORTION : 


JOHN C. HAY? 


University of Wisconsin- Milwaukee 


BARRY LANGDON 


University of California, Los Angeles 


AND HERBERT L. PICK, Jr. 


University of Minnesota 


This study sought to identify the modifiable parameters of eye-hand co- 


ordination in the prism-adaptation situation. 


The most readily modified 


parameter was found to be a displacement applying equally to all target posi- 
tions. A magnification parameter could also be partially modified, in the 
sense that a wider range of hand movements became identified with a fixed 
eye-movement range. No nonlinear changes in the eye-hand mapping were 


found. 


How closely does the perceptual adapta- 
tion to optical distortion compensate for 
that distortion? The distortion is a re- 
arrangement of the visual stimulus with 
respect to other stimulus inputs and also 
with respect to the motor outputs of the 
individual. The adaptation can be con- 
sidered to be a kind of “best-fit” inverse 
rearrangement of the perceptual-motor 
system, within the degrees of freedom 
permitted by the modifiable parameters of 
that system. Through an analysis of the 
detailed spatial features of the adaptation 
and whatever mismatch exists between it 
and the optical distortion, one may hope 
to identify those modifiable parameters. 

The present study performed such an 
experimental analysis for a well-known type 
of rapid-acting perceptual adaptation: the 
adaptation produced by viewing the hand 
through a wedge prism (Rock, 1966). The 
resulting stimulus rearrangement can be 
represented as a remapping of eye posi- 
tions on hand positions. Figure 1 illustrates 
this for the case of a base-right (BR) prism. 
To simplify the analysis, tests are confined 


1 This study was supported by National Institute 
of Mental Health Research Grant MH-97588 to the 
University of Minnesota. The experiments were 
carried out in the psychology laboratory of Smith 
College. Carol White a ted in one of the pre- 
liminary studies cited. The help and advice pro- 
vided by Joseph Bauer, Jr., and Richard Held are 
gratefully acknowledged. 

? Requests. for reprints should be sent to ipm 
Hay, Department of Psychology, University of 
Wisconsin- Milwaukee, Milwaukee, Wisconsin 53201. 
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to a one-dimensional, left-right range o 
eye and hand positions. The eye sees th 
hand move through Positions A, BMG 
when in fact it is moving through position: 
A’, В”, C’. Before and after a few minute: 
of this experience, eye-hand coordinatior 
is tested by presenting visible target: 
(— 3 through 4- 3) and having S point to 
them with his visually concealed hand (cf. 
Held & Gottlieb, 1958). 

The prismatic distortion of Fig. 1 has 
the following spatial characteristics: (a) 
The position of the hand relative to the 
eye's straight-ahead gaze position is dis- 
placed by an amount, D (B' — B in Fig. 
1). (b) The range of hand positions (A' 
to C^) is magnified relative to the range of 
eve positions (A to C) by a factor, M. 
(c) The scale of hand positions is subject 
toa nonlinear stretch or (aper (A'B' < B/C’) 
by a factor, 7. In terms of these three 
parameters, the prism distortion can be 
described by the following type of equation: 


Hand Position = D + (M) (Eye Position) 
+ (T) (Eye Position? [1] 


This type of quadratic equation gives a 
description accurate to 105 over the range 
of positions used in the study. 

The spatial features of the perceptual 
adaptation to prismatic distortion were 
compared with the above features of the 
distortion itself, for both BR prisms (Fig. 1) 
and BL prisms (base-left prisms, which 
have an effect that is the left-right reverse 
of Fig. 1). 
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Fic. 1. Geometry of the prism distortion an 
test. (One asterisk refers to €ye and hand mo 


viewing of the hand. A-C is the Tange of eye positions; A'-C' is the range of 
hand positions, Two asterisks refer to target presented to the eye one at a time 
during eye-hand coordination test; these targets were not affected by the 
prism, and the hand Was concealed during the response to them.) 
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his eye and the prism; this allowed an undistorted 
view of seven target lamps physically located above 
S's head. Their virtual images lay on the table 
surface, however, at the positions illustrated in 
Fig. 1. They were uniformly distributed from 
— 10.6 to + 10.6 cm. relative to the table center; 
each lamp was .5 cm. in diameter and a dim red 
when illuminated. When the internal illumination 
of the table was turned off (and stray light pre- 
vented by working in a dark, light-tight room), S 
could be asked to place his right index finger on the 
apparent location of an illuminated target lamp, 
without opportunity to see his hand. 

A single test of eye-hand coordination consisted 
of responding to each of the seven target lamps three 
times, in three identically ordered blocks. For 
pretraining, S was run through this test once. He 
was then given the test again to provide pretest 
data prior to the prism exposure. Ten seconds after 
the termination of the prism exposure, terminated 
by turning off the table illumination, he was given 
the coordination test a final time, providing posttest 
data. The target lamp presentations were con- 
trolled by an electronic timer and a stepping switch ; 


Hand Position 
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Ф BR Posttest 
OB 


-20 m 
Eye Position 


3. Effects of 9-min. prism adaptation in 
(The horizontal and vertical scales (in 
re eye and hand positions, respectively, 
ble top; the straight solid iagos SON 
mal optical relationship between the two; 

(я dvd solid lines show the BR and BL preman 
remappings of eye and hand; the circles are » 
empirical eye-hand coordination data, before an 
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each lamp was turned on singly for 7.5 sec., with a 
2-sec. dark interval between lamps. The order of 
targets was varied between Ss, in a Latin-square 
design (see below). 

The finger placements were registered using the 
electric-field probe technique of Bauer, Woods, 
and Held (1969). A 120-cm.-long piece of Teledeltos 
conductive paper was used, with a lengthwise re- 
sistance of 9,500 ohms; a stable parallel-line elec- 
tric field was established across its length by means 
of contacts at either end that spanned its 10.2-cm. 
width, using a Hewlett-Packard (6102A) power 
supply (.001% regulation, .1-mv. peak-to-peak 
ripple), such that there was a 100 mv/cm drop over 
the central 100 cm. of the paper. The S's right 
index finger held a rubber finger guard with a 
1-mm. metal contact; when this probe touched the 
Teledeltos paper, the field strength at that position 
could be read out by means of a high input-resis- 
tance digital voltmeter (Hewlett-Packard 34304, 
10 megohms input resistance, 1-mv. sensitivity). 
In practice, this system provided position readings 
accurate to less than .5 cm.; the accuracy was 
checked by readings made at 10 positions at the 
beginning of each experimental session. 

Subjects.—Twenty-eight undergraduate women at 
Smith College served as Ss, 14 with 3 min. of prism 
exposure, 14 with 9 min. Base-right and base-left 
prisms were divided equally among them. For each. 
of the four subgroups thereby determined, seven 
different target orders were used on seven different 
Ss; the same seven target orders were used in each 
subgroup, with each target occurring once in each 
ordinal position. 


Results 


Figure 3 shows the salient features of 
the results, as illustrated by the group 
means for the 9-min. exposure group. An 
adaptive displacement was found between 
pretest and posttest, but no variation be- 
tween targets is apparent to correspond to 
the magnification and tapering features of 
the prism distortion. An incidental feature 
is the greater adaptive displacement found 
for the base-left prism 55. 

This graphic interpretation was sup- 
ported by statistical analyses. An analysi 
of variance (see below) indicated that the 
only critical factors for adaptation were 
target position and prism orientation. To 
analyze the spatial parameters of the 
adaptations, equations of the form of 
Equation 1 were fitted individually to 
each .5'5 pretest and posttest data, using 
the method of least squares on a PDP-8 
computer. These parametric values were 
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then averaged for all 28 Ss for the а 
data, and separately for the 14 Ss in each 
prism-orientation group. The following 
three equations present the results. The 
unit of measurement is the centimeter; the 
parenthetical values below each equation 
factor is the standard error for that factor: 


Pretest: 


Hand Position 


= — 2.01 + 1.14 (Eye Position) 
(1.76) (15) 
+ .0013 


(Eye Position)? 
(0018) 


[4] 
BR Posttest: 


Hand Position 


= 5.37 + 1.24 (Eye Position) 
(1.73) (13) 
+ .0018 (Eye Position)? [5] 
(0017) 


BL Posttest: 


Hand Position 


= — 1137 +110 
(1.87) C18) 
+ .0001 
(.0026) 


he only statistically significant changes 
are in the displacement factor, D. This c. 
best be seen by setting 
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95% BR and BL values 
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D p Ы 5 
F (1, 24) = 386.81, p< 001. T м 
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A form of eye-hand adaptation to mag- 
nification has been reported, for judgments 
of the size of hand-held objects (Rock, 
1966). For these reasons, the procedures 
of Exp. I were repeated using an optical 
rearrangement that isolated and enhanced 
the magnification factor (Fig. 2 and 
Equation 2). 


Method 


Procedure.—A single concave lens of the kind 
used to give apartment dwellers a wide-angle view 
of prospective visitors was used in place of the BL 
and BR prisms of Exp. I. The optical remapping 
had the following empirical parameters: 


Hand Position = 1.10 
+ 5.35 (Visual-Field Position) [7] 


(The 1.10 displacement effect was accidental, due 
to a slight error in centering the lens on the eye's 
straight-ahead.) The procedures of Exp. I were 
replicated in detail, execpt that only one group of 
14 Ss was used, all with 3-min. exposure. The Ss 
were drawn from the same population; none had 
served in an eye-hand adaptation experiment 
before. 

Added observations were made at the end of the 
experiment in the form of a phenomenological ac- 
count by 5 of the appearance of her hand during the 
exposure period, and how she thought this influenced 
her subsequent behavior. 


Results 


Figure 4 shows the mean results for all 
14 Ss. A change in the magnification (or 
"slope") parameter of the eye-hand map- 
ping is visually evident. This is supported 
by the results of fitting equations of the 
form of Equation 1 to each S’s pretest 
and posttest data, as in Exp. I: 


Pretest: 
Hand Position 
= 01 + 1.20 (Eye Position) 
+ .0007 (Eye Position)? 
Posttest: 


Hand Position 
= — 56 + 1.49 (Eye Position) 
+ .0002 (Eye Position)? [9] 


The only significant change is in the mag- 
nification parameter: The 95% confidence 
limits for change in magnification were 
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“G. 4. Effects of 3-min. minifier exposure in 
». I. (The horizontal and vertical scales (in cm.) 
measure eye and hand positions, respectively, along 
the table top; the longer solid diagonal shows the 
normal optical relationship between the two; the 
shorter shows the minifier remapping of eye and 
hand; the circles are the empirical eye-hand co- 
ordination data, before and after minifier exposure). 


.29 + .09; those for displacement, — .57 
+ 1.07; those for taper, — .0005 + .0015. 

An analysis of variance tested the follow- 
ing factors: test (pretest vs. posttest), 
target (— 3 through + 3 of Fig. 1), test 
block (three run-throughs of the targets 
on each test), and Ss. The Test X Target 
interaction showed a differential adapta- 
tion for different target positions, reflect- 
ing the magnification change, Ё (6, 72) 
= 22.19, р < .001. The main effect of the 
test factor was also significant, F (1,12) 
= 5.47, p < .05. This reflects the down- 
ward pretest-posttest trend in Fig. 4 
which was also found in Fig. 3. It represents 
a tendency for the posttest hand place- 
ments to be further to the left than those 
of the pretests, independent of the optical 
distortion experienced. The only other 
significant effect was that due to targets, 
F (6, 72) = 157.20, p < .001. 
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A linear trend analysis showed a highly 
significant linear trend in both _Pretest 
and posttest, F (1, 36) = 249,51 and 
M. (1, 36) = 386.41, respectively, both 
significant at the .001 level. The variance 
remaining after the extraction of this com- 
ponent was not significant in either case, 
F (5, 36) = .52 and 39, respectively, 

The phenomenological reports of 10 of 
the 14 Ss had a striking feature: they 
claimed that the range of their hand posi- 
tionings was smaller on the posttest than 
on the pretest. This verbal report is in 
exact contradiction to their actual behavior ; 
all 14 Ss showed an increased posttest 
range of hand positions, in conformity to 
the group means of Fig. 4. This indicates 
that the eye-hand adaptation occurs in- 


dependently of any understanding that 5 
may have of the situation. 
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Change in hand-positioning response = 


51(D -05(M) (Eye Position) СРУ 
а-на P Position)” [10] 
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for the variance of both pretest and posttest 
data; this would not be the case if adaptation 
fell off for the two left-most and the two right- 
most targets, which were outside the visible 
range during exposure to optical distortion 
(Fig. 1). Figure 4 underscores this point 
graphically: the right-most and the left-most 
targets show greater adaptive changes than do 
the central targets. Harris (1963) also re- 
ported a lack of generalization decrement for 
targets outside the exposure field. 

Replication note.—Experiment I was pre- 
ceded by two earlier studies that gave similar 
results. In the first of these, (Hay & Pick, 
1967), a limited number of target positions pre- 
vented the detailed spatial analysis of the 
present study. In the second, 16 Ss were 
tested under the 3-min. exposure conditions of 
Exp. I and gave results closely resembling the 
one presented here. 
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processing is critical for performance, but 
not a greater icon persistence, the mask- 
ing ranges for all conditions should be 
equivalent. 


METHOD 


Subjects. —Four Ss (two female) were recruited 
from the graduate and undergraduate population 
at Kent State University and paid for their services. 
All had normal or corrected-to-normal vision and 
were highly practiced in similar tasks prior to 
beginning the experiment. 

Apparatus and — stimuli.—All| stimuli were 
presented in a Scientific Prototype Model GB tach- 
istoscope. The front-lighted test stimulus was pre- 
sented in Field 1 and viewed through a 1.0 neutral- 
density filter. A small dim back-lighted fixation 
cross subtending a visual angle of .2° was present in 
the center of Field 2. The front-lighted pattern mask 
was presented in Field 3. There were three SL stimu- 
lus sets, 2 letters (2-L) consisting of A and X, 8 
letters (8-L) consisting of A, Н, О, P, T, V, X, and 
Y, and 24 letters (24-L) consisting of the entire 
alphabet except for the letters I and Q. Each 
stimulus group was represented on a separate set of 
24 cards, 12 cards for each letter of the 2-1, set, 
3 for each letter of the 8-L set, and 1 for each letter 
of the 24-L set. The SL on each card was constructed 
from black Paratipe (No. 11316) and subtended a 
visual angle of .2?. Each SL was placed on its card 
so as to appear slightly above the fixation point, 
thus eliminating any positional uncertainty. The 
pattern. mask was constructed by placing four 
Paratipe Ws, back to back and side by side, partially 
overlapping, to form a pattern similar to three 
large adjacent Xs. This pattern was placed on the 
masking card so as to cover the SL test stimulus 
when both were presented simultaneously. The 
duration of Field 3 was set at 5 msec. throughout 
the experiment. The luminances were measured as 
24 and 22 mL. for Fields 1 and 3, respectively, and 
remained constant for the entire experiment. How- 
ever, the effective luminance of Field 1 was only 
2.4 mL. due to the 1.0 density filter. 

Procedure.—Backward masking functions were 
obtained for five conditions of SL presentations; 
2-L, 8-L, and 24-L equated for No-Mask Control 
performance (Equal Performance) along with 
8-L and 24-L at the same energy as the 2-L condi- 
tion (Equal Energy). Energy was defined as dura- 
tion since the luminance of Field 1 was constant 
and exposure durations very short. Stimulus onset 
asynchronies (SOAs) were 50, 75, 100, 125, and 150 
msec., and a No-Mask Control, for each SL function. 
The Ss were required to identify or guess the 
stimulus presented on each trial. 

Prior to the experimental se sions, the exposure 
duration was individually determined for е: ch 5 
to yield an approximately 85 0 correct recognition 
(uncorrected for chance guessing) for each of ihe 
three Equal Performance conditions. This equating 
of performance required an average duration of 4 


msec. for the 2-L condition, 8 msec. for the 8-L. 
condition, and 31 msec. for the 24-L condition. 
Data were collected over 20 half-hour sessions, 15 
for the three Equal Performance conditions, and 
5 for the 8-1. and 24-L Equal Energy conditions. 
An Equal Energy session occurred after. every third 
Equal Performance session. All Equal Performance 
sessions contained four 24-trial blocks, one each of. 
the 2-L, 8-L, and 24-L conditions. all at the 
same SOA, and one No-Mask Control. Conditions 
were assigned to sessions to achieve the maximum 
counterbalancing possible within and between Ss; 
given the restriction of a single SOA per session. 
A total, over Ss, of 288 trials were given for each 
SL Equal Performance condition at each SOA, with | 
480 trials being given for each No-Mask Control 
condition. 

Each SL Equal Energy session contained five 
24-trial blocks, an 8-L and 24-L occurring twice 
at two levels of SOA, and one No-Mask Control. 
The only exception was the third Equal Energy 
session in which both an 8-L and 24-1, No-Mask 
Control occurred for a total of six blocks. Thus, 
there were a total, over Ss, of 192 trials for each SL 
Equal Energy SOA combination and 288 trials 
for each of the two No-Mask Controls. 

The Ss received an average of 14 preexperimental 
sessions to establish the 85% threshold durations 
and permit practice in all experimental conditions. 
Feedback designating the correct response was given 
after each trial during the practice sessions. How- 
ever, during the experimental sessions feedback of 
the total number of correct responses was provided 
only at the end of each block. Prior to each session, 
S was required to dark adapt for 5 min., after which 
he received 10 2—1, No-Mask warm-up trials with 
feedback. Prior to each block, S was told which 
stimulus set was appropriate and administered 2 
practice trials with feedb corresponding to the 
condition to be presented. The order of trials within 
a block was randomized by shuffling the stimulus 
cards. All trials were self-initiated by S after Æ 
gave the ready signal and S had the fixation cross 
in good focus. All responses were recorded by E. 


RESULTS 


The results for the three Equal Perform- 
ance masking functions and their respec- 
tive No-Mask Controls are presented 
in Fig. 1. A repeated-measures analysis 
of variance (SOA X Stimulus Alterna- 
tives X Ss) indicated significance for SOA, 
F (5, 15) = 41.99, р < .01, stimulus al- 
ternatives, F (2, 6) = 7.9, p < .05, and 
the SOA x Stimulus Alternatives inter- 
action, F (10, 30) = 4.01, p< 01. In- 
creasing the mask delay resulted in a 
significant overall increase in recognition 
accuracy. The significant differences be- 
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Fic. 2. Percentage of correct identification (uncorrected for change guessing) 


as a function of 


SOA between the test stimulus and pattern mask for the three Equal Energy conditions. 


tions requiring a greater mask delay than 
the 2-L function. 

An analysis of variance (Energy X SOA 
X Ss) for the two 8-L functions considered 
alone indicated significance for the main 
effects of energy, F (1, 3) = 11.57, р < .05, 
and SOA, Р (5, 15) = 29.39, р < .01. A 
similar analysis for the two 24—L functions 
indicated significance for the main effects 
of energy, F (1, 3) = 29.79, р < .01, SOA, 
F (5, 15) = 21.82, p < .01, and the Energy 
X SOA interaction, F (5, 15) = 4.49, 
p < .01. As expected, increasing the energy 
of the stimulus significantly improved the 
percent-correct performance for both the 
8-L and 24-L conditions. The significant 
Energy X SOA interaction was a result of 
the pattern mask being equally effective 
for both 24-L conditions at SOA = 50 
msec. and a very different asymptote at 
larger SOAs. Comparable results were ob- 
tained with corrected scores. 

A calculation of I, (Garner & Hake, 
1951) for each of the five No-Mask Control 
conditions indicated .5 bits transmitted 
for the 2-L condition, 1.7 and 1.6 bits 
transmitted for the 8-L and 24-L Equal 


Energy conditions, respectively, and 2.4 
and 3.6 bits for the 8-L and 24-L Equal 
Performance conditions, respectively.’ In- 
creasing the energy of the stimulus re- 
sulted in a significant increase in I, for 
both the 8-L, / (3) = 5.03, р < .02, and 
24-L, t (3) = 5.27, р < .02, conditions 
without an increase in the masking range. 
Thus, for the 24-L Equal Performance 
condition, over 3 bits of information were 
processed with the SOA equal to 150 
msec. Although the exact value of this I; 
may be uncertain due to the effects of in- 
formation bias (MacRae, 1970), there can 


2 Tt was calculated separately for each 5. Since » 
was small relative to the number of cells іп the 
24-L matrix, a correction procedure, similar to 
that used by Garner (1962, p. 80), was devised. All 
off-diagonal cells with only one response were 
assumed random, and the total proportion of ran- 
dom responses within each response category were 
equally divided among all the off-diagonal cells 
containing less than two responses. This procedure 
would yield an I; varying from close to 0 bits for 
random guessing to 4.58 bits for perfect responding. 
The effect of this procedure was to reduce It, e.g. 
from 4.1 to 3.6 bits in the 24-L Equal Performance 


No-Mask Control condi 
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be little doubt that it far exceeds 1 bit due 
to the large number of perfect responses 
(75% of the responses were 
diagonal cells) 
matrix for the 


age scroes (un- 
ssing) to a d! 
Yo-Mask Controls by 
ts forced-choice tables in 
Swets (1964) indicated an average sen- 
sitivity of approximately 1.7, 1.9, and 1.6 
for the 2-L, 8-L, and 24-L Equal Energy 
conditions, respectively, and 2.7 and 3.0 
for the 8-L and 24-L Equal Performance 
conditions, respectively. The increase in 
@ with an increase in stumulus energy was 
Significant for both the S-L; t (3) = 5.79 
p < .02, and 24-L, 1 (3) 
This pattern of Scores is very similar to 
those of І, except for the 2-L condition. 
The d’ measure was primarily sensitive to 
the energy of the stimulus, which is con. 


sistent with Signal-Detection theory. The 
Conversion table 


, 


= 3.22, p < 05. 


S used are designed to 
Control" for the effects of а differen- 
tial number of response Categories on 
performance, 
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have required approximately = (3.6 bits) 
uninterupted viewing, and the art d avails 
condition over 500 msec. Howey ets Me 
able information in all conditions BP sithi 
have been encoded from iconic storage 
150 msec. 


is less 

The nature of the encoding process b. be 
clear. The present results would Е paral- 
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crease with a higher energy stimulus was not 
a result of a longer lasting icon, but rather an 
icon of higher quality. 

It is important to point out that the esti- 
mates of processing time from iconic storage 
in the present study are relatively independent 
of the choice of response measure. Analyses 
made with or without correction for guessing, 
or by converting percentages to d' scores by 
means of Elliott's forced-choice tables in Swets 
(1964), or by calculating the information 
transmitted (L), lead to essentially the same 
conclusions concerning the masking range for 
each function. The differential effect these 
measures have on the shape of the masking 
functions are small compared to the large 
overall effect of SOA. However, for other 
comparisons, such as performance across No- 
Mask Control conditions, the choice of per- 
formance measure can be critical. 

A comparison of response measures for the 
No-Mask Controls reveals that equal perform- 
ance with respect to uncorrected percentage 
scores (as shown in Fig. 1) did not result in 
equal T, or d^ measures. This was not surpris- 
ing since percentage scores only reflect the re- 
lative performance within a given stimulus 
alternative condition without regard to the 
difference in difficulty between that condition 
and some other condition. Applying a two- 
state correction for guessing, P(c) = P(C) 
— [1 — P(C)J/GN — 1) where N equals num- 
ber of response alternatives, P(C) — obtained 
percent correct, and P(c) — "true" percent 
correct, reduces but does not eliminate this dis- 
crepency between percentage scores and the 
I, and d' measures. The two-state model cor- 
rects for guessing on those trials representing a 
complete failure in recognition but does not 
provide for the probability of a “true” recogni- 
tion depending upon the number of stimulus 
and/or response alternatives, or recognition 
occurring with different degrees of confidence. 
The d^ measure, on the contrary, attempts to 
assess performance on a more "absolute" 
scale of signal detection, independent of the 
number of alternatives or Ss’ decision criterion. 
I, also attempts to do this but is more re- 
strictive with respect to the experimental con- 
ditions which permit an adequate measure of 
channel capacity. 

The near equivalence of the d’ scores for the 
three Equal Energy conditions tends to sup- 
port the validity of the Theory of Signal De- 
tection (TSD) as an appropriate model for 
comparing performances across conditions with 
different numbers of stimulus and response 


categories (when performance < 100%). 
These results are in agreement with the de- 
scription and analysis of the Miller, Heise, and 
Lichten (1951) data by Green and Birdsall 
(1964), who showed that essentially the same 
d' was obtained for a wide range of vocabulary 
sizes for a given speech-to-noise ratio. The 
increase in d' with an increase in stimulus 
energy, as in the 8-L and 24-L High Energy 
conditions in the present study, is also in ac- 
cord with TSD theory. 

Garner (1962) has also been able to fit h 
measures to the data of Miller, Heise, and 
Lichten (1951). The pattern of I. results for 
the present study were similar to those of d’ ex- 
cept for the 2-L condition. It seems likely that 
this was a result of the stimulus and response 
uncertainty in the 2-L condition being too low 
to permit an adequate measure of “channel 
capacity." The fact that d' in the 2-L condi- 
tion was not restricted in this way, as well as 
the much greater ease of computing d' from 
forced-choice data, would seem to favor its use 
over І, as a response measure. However, the 
present study was not designed to specifically. 
test these models or their assumptions and any 
conclusions concerning the relative appropri- 
ateness of each measure should be viewed with 
caution. 
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PERCEPTION OF ROTATION IN FIGURES WITH RECTANGULAR 
AND TRAPEZOIDAL FEATURES! 


MYRON І. BRAUNSTEIN ? 


University of California, Irvine 


The figural bases for the effect of perspective changes on accuracy of direction 
of rotation judgments was investigated. Forms varying in angles of contour 
convergence, relative extent of vertical contours, and horizontal position of 
the axis of rotation were displayed in rotation about a vertical axis at five 
perspective levels. Accuracy, averaged across perspective levels, was ordered 
primarily by angle relationships. Accuracy was greatest for forms containing 
right angles, even when the vertical contours were unequal, and lowest for 
forms in which one vertical contour was enclosed in acute angles and the 
other in obtuse angles, even when the vertical contours were equal. Within 
angle relationships, accuracy was generally greater when the vertical contours 


were equal. 


Accuracy of judgments of direction of 
rotation for figures rotating about an axis 
perpendicular to the line of sight has 
recently been studied by Power (1967), 
Braunstein and Payne (1968), and Murch 
(1970). Braunstein and Payne employed 
computer-generated motion picture se- 
quences representing projections onto a 
plane of figures rotating about a vertical 
axis. Variations in the distance between the 
projection point and the axis of rotation 
were used to simulate variations in view- 
ing distance. In polar projections of rotat- 
ing figures, the distance of the projection 
point from the axis of rotation affects both 
the horizontal and vertical proportions of 
the projected figure. In the Braunstein 
and Payne study, some of the stimuli were 
generated with special projections in which 
only the horizontal or only the vertical 
dimensions were affected by the distance 
of the projection point. Accuracy of direc- 
tion judgments increased with perspective, 
defined as (E + w)/(E — w), where E is 
the distance from the projection point to 
the axis of rotation and w is one half the 
width of the original figure. Changes in the 


1 This research was supported by National Science 
Foundation Grants GB 5545 and GB 8251. The 
author is indebted to P. Michael Kemp for his 
assistance in the design of the stimuli and to John 
W. Payne for his assistance in the conduct of the 
and the preparation of this manuscript. 
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L. Braunstein, School of Social Sciences, University 
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vertical dimensions of the projected figures 
during rotation were found to be more im- 
portant than changes in the horizontal di- 
mensions in determining the accuracy of 
direction judgments. When the perspec- 
tive ratio was greater than 1.0 and less than 
1.75 and distance information from sources 
other than changes in the shape of the 
image projected on the retina was mini- 
mized, accuracy was greater for rectangles 
than for trapezoids, circles, or ellipses. In 
polar projections of rotating rectangles or 
in special projections in which only the 
vertical dimensions of the projected figure 
are varied, right angles are projected as 
acute angles when the enclosed side moves 
closer to S and as obtuse angles when it 
moves further away. The hypothesis was 
advanced that Ss are particularly sensi- 
tive to deviations from right angles in a 
rotating figure. 

The present study attempts to define 
more precisely the information used by Ss 
in judging direction of rotation both by 
altering the availability of potential sources 
of information and by rendering informa- 
tion from these sources misleading. The 
two sources of information of primary 
concern are the angles which the vertical 
contours form with the horizontal con- 
tours and the relative extents of the ver- 
tical contours. These sources are completely 
correlated when rectangles and trapezoids 
are studied. A series of forms was therefore 
developed for the present study which 
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. combined geometrical characteristics of 
. rectangles and trapezoids. ‘These character- 
istics were encompassed in three factors: 
(a) angles between contours; (b) extents 
of vertical contours; and (c) position of 
the axis of rotation with respect to the 
vertical contours. The axis of rotation was 
either located at the center of the form or 
was displaced horizontally. This displace- 
ment can be regarded as a characteristic 
of a trapezoid when the trapezoid repre- 
sents a perspective view of a slanted 
rectangle. In such a view, the projected 


center of the rectangle is closer to the 
shorter vertical side. 


METHOD 


Subjects.—The Ss were 

_ troductory Psychology clas 
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depressed at all times (see Braunstein & Payne, 
1968). The Ss practiced the response procedure 
with the metal rectangle serving as the stimulus. 
'The first five sequences were treated as practice 
sequences and were repeated later in the experi- 
тепе. The stimulus sequences lasted 7.5 sec. and 
were separated by 5-sec. periods. 


RESULTS 


Each S's response to a stimulus sequence 
was placed in one of three categories: 
accurate, inaccurate, or oscillation. А re- 
sponse was considered accurate if S held 
down the button corresponding to the 
displayed direction of rotation for the 
entire sequence, after the initial .5 sec. 
of his response. A response was considered 
inaccurate if S held down the inappropriate 
button for the entire sequence, after the 
first .5 sec. of his response. A response was 
considered an oscillation if S pressed both 
of the buttons during the stimulus se- 
quence, after the first .5 sec. of his response. 
(The decision to exclude the first .5 sec. 
of each response, based on previous work 
with this response procedure, affected the 
classification of 1.1% of the responses.) 

Accuracy increased with perspective 
level for all of the forms studied. The pro- 
portions of accurate responses for the 18 
forms and 2 symmetry conditions, taken 
across Ss, were .20, .29, .46, .70, and .92 for 
perspective ratios of 1.025, 1.05, 1.11, 1.22, 
and 1.50, respectively. The proportions of 
oscillating responses were .73, .65, .49, 
.27, and .06 for the same perspective levels. 
Table 1 shows the mean proportions of 
accurate and oscillating responses for the 
18 forms in the 2 conditions of symmetry. 
'The dependent variable for the analyses of 
variance was the proportion of accurate 
responses made by each S to presentations 
of a form at five perspective levels. 

The implications of variations in the 
angles between contours and in the extents 
of the vertical contours are not exactly the 
same for the two conditions of symmetry. 
In the symmetrical condition, the stimuli 
in the center column of Fig. 1 differ from 
those on the right only in the initial orienta- 
tion of the form with respect to 5. In the 
asvmmetrical condition, the axis of rota- 
tion is closer to the shorter side for the 


TABLE 1 


PROPORTIONS OF ACCURATE AND 
OSCILLATING RESPONSES 


Symmetry about axis of rotation 
osm m Symmetrical Asymmetrical 
Accurate | Oscillating | Accurate | Oscillating 
responses | responses | responses | responses 
a 79 47 78 17 
b 12 Т 40 55 
^ i 51 42 5 
d .69 29 67 30 
е 53 39 61 319 
y .59 29 .53 .32 
g 63 E 65 332 
h 33 66 +23 41 
i 59 39 58 37 
j 50 AT AT AS 
k 46 48 42 52 
1 42 AT 32 157 
т 07 .30 .70 227 
n 51 AS AS AT 
о 29 71 39 61 
p 57 „37 53 Ad 
q 42 52 49 AS 
r 45 A8 38 51 


Based on 120 observations (24 Ss at 5 perspective 
emaining responses were inaccurate. 


х, 
levels). 


forms in the center column and closer to 
the longer side for the forms on the right. 
Analogous statements could be made about 
angle relationships for the forms in the 
second and third rows. Separate within-Ss 
analyses were therefore conducted for the 
two conditions of symmetry. A three-way 
analysis of variance for the symmetrical 
condition (angles, sides, and Ss), using an 
arc-sin transformation of the proportions, 
showed significant (p < .05) main effects. 
for angles, F (5, 115) = 18.71, sides HN 
(2, 46) — 9.62, and the interaction of 
angles with sides, F (10, 230) = 5.69. 
A similar analysis for the asymmetrical 
condition also showed significant effec 
(p < .05) for angles, F (5, 115) = 29.12, 
sides, F (2, 46) = 17.19, and the inter- 
action, F (10, 230) = 4.95. 


DISCUSSION 


Accuracy of direction judgments was high- 
est for the form most similar to a rectangle (a) 
and lowest for the forms most similar to a 
trapezoid (/, о). (Form designations refer to 


IU Eig. 1.) 
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Intermediate results were obtained 
for the remaining forms combining features be 
rectangles and trapezoids. The oe: 
the difference in accuracy between rectang es 
and trapezoids suggests that this difference is 
based on characteristics of both forms. A de- 
tailed examination of the ordinal relatio 
among the proportions of accurate jud 
for the 18 forms provides a clear and со 
basis for the discussion of these charact 
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RICHARD L. GOTTWALD? 


Yale University 


A comparison of concept 
ditions: neutral responses 
(alpha vs. not alpha 
and conjunction/disjunction, 
label had no effect 
subsets of stimuli ass 
use of positive/negative | 
à complex concept in wh 
of positive/negative labels wi 
was positive, but detriment 
positive. The results suggest th 
attention on the positive stimul 


The purpose of the present study is to 
compare the difficulty of concept attain- 
ment under two response conditions. One 
condition involves neutral response labels 
such as alpha and beta. The other condi- 
tion involves Positive and negative re- 
sponse labels such as alpha and not alpha. 

The Concept attainment task requires 
that S learn to assign a set of responses to 
some larger set of stimuli. The kind of 
response label which is used does not 


affect the logical structure of the task, 
and both neutral an 


response labels have 
Previous studies, 


(Bruner, Goodnow, 
1956; Hovland & Weiss, 
positive/negative labe 
боп should 
subset of stimuli, 
are used attentior 
tween the two su 
focus could affect 
attainment, 


but when n 
1 should be 
bsets. 


eutral labels 
divided be. 
This difference in 
the difficulty of concept 
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attainment difficulty was made betwee 
(alpha vs. beta) and positive/negative responses 
). Three concepts were used: affirmation, biconditional, 


In the simple affirmation, type of response 
- In the biconditional 


ociated with the responses 
abels was facilitative, 

ich the stimulus subset. 
as facilitative if the 
al if the more comp! 
at the use of positive/ne; 
i and this, in turn, 
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n two con- 


‚ а complex concept in which the 
are logically identical, the 
In the conjunction/disjunction, 
5 are logically different, the use 
simpler conjunctive subset 
lex disjunctive subset was 
gative labels focuses 
affects concept difficulty. 


Peters and Denny (1971) compared 
learning of a conditional concept and à 
biconditional concept with either positive/ 
negative or neutral labels using a rule 
learning procedure. They found that the 
conditional concept was easie 


r with neutral 
labels than. with 


positive/negative labels, 
but that the biconditional concept was 
slightly easier with positive/negative labels 
than with neutral labels. 
Ss' hypotheses 
positive/neg: 
scribe only 


They examined 
and found that Ss in the 
ive condition tended to de- 
the positive subset of stimuli; 
while Ss in the neutral condition tended te 
describe both subsets of stimuli, Thus, it 
appears that the use of positive/negative 
labels does focus S's attention on the posi- 
tive subset of stimuli, but the effect this 
focus has on concept difficulty is dependent 
ar concept. 

dy is designed to me- 
ate the effects of using 
esponse labels in several 


attribute) in уу 
subsets аге logicall 
concept (two reley 
the stimulus subse 
and a complex 

attributes) in whi 
are logically 
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METHOD 


Stimuli and altributes:—The stimuli were sche- 
matic drawings of “bugs” which varied on four 
binary attributes: body shape, spot color, leg num- 
ber, and antenna type. 

The relevant attributes for all concepts were body 
shape and spot color. Preliminary work with direct 
rating and free classification ta has shown that 
these are the most salient attributes of these stimuli. 

Concepts and response labels.—Three different 
concepts were used. Examples of these three con- 
cepts with neutral response labels are shown in 
Table 1. In the conditions with positive/negative 
labels, the response assignments were identical to 
those in the conditions with neutral labels except 
that the responses were either alpha and not alpha 
or beta and not beta. In conditions with positive/ 
negative labels, one subset was labeled positive for 
Опе half of the Ss and the other subset was labeled 
Positive for the other half of the Ss. 

The simplest concept will be termed an afirmation. 
In this concept, the subset of stimuli associated with 
each response is specified by the presence of one 
Value on the single relevant attribute. For example, 
the alphas are round bodied and the betas are thin 
bodied. For oné half of the Ss, body shape was 
relevant and for the other half spot color y 
relevant. Since the subsets of stimuli are logi 


ally 
identical, the data from the two positive/negative 


conditions were pooled. There were eight in the 
neutral condition and a total of eight Ss in the 
positive/negative condition. 

The next concept will be termed a biconditional. 
Again the two subsets of stimuli are logically iden- 
tical. Each subset may be described with a bicondi- 
tional rule (the alphas are round and red or not 
Tound and not red, the betas are round and green 
9r not round and not green). Since the stimulus 
Subsets are logically identical, the data from the 
Positive/negative conditions were pooled. There 
Were eight Ss in each response condition. 

The third concept will be termed a conjunction/ 

isjunction, In this concept, the stimulus subsets 
are logically different. One subset may be described 
With a conjunctive rule (the alphas are round and 
red), and the other subset may be described with 


TABLE 1 


ArTTRIBUTE-RESPONSE RE LATIONSHIPS 
FOR THREE CONCEPTS 


an inclusive disjunctive rule (the betas are thin or 
green or both). Since the stimulus subsets in this 
concept are logically different, the data from the two 
positive itive conditions were not pooled. There 
were in the neutral response condition and 
eight Ss in each of the positive/negative response 
conditions. 

In every condition the set of stimuli wa: 
in such а way that each response was а 
half of the stimuli. 

Procedure.—A set of 16 stimuli was prepared for 
each concept. The stimuli were presented to each S 
in four random orders. The stimuli were presented 
in the form of slides and back projected 

The S was told that he was in a learning experi- 
ment and h was to learn to discriminate be- 
tween two classes of bugs which were labeled alpha 
and beta (or alpha and not alpha, etc., depending 
upon the condition). The S was not given any 
information about the nature of the possible solu- 
tions to the concept. 

When a stimulus appeared, S responded verbally, 
The E provided immediate verbal feedback. The 
sk was self-paced. After S had responded to the 
èt of 16 stimuli, he wa: ed to write a rule which 
would discriminate between the two subsets of 
stimuli. Guessing was encouraged. This procedure 
was repeated until S reached a criterion of one 
perfect classification of the set of 16 stimuli or 
until had responded to a total of 256 stimuli. 

Subjects—A total of 56 male and female Ss 
was drawn from the psychology S pool at Yale 
University 


RESULTS 


Trials tocriterion—Table 2 shows median 
trials to criterion (excluding the 16 criterion 
trials) for the various conditions. The dis- 
tribution of scores was skewed so medians 
were used and all significance testing was 
done with nonparametric statistics (Mann- 
Whitney U test, unless otherwise noted). 

In the affirmation concept, there was no 
difference between the two response condi- 
tions (p > .50). In the biconditional con- 


TABLE 2 


MEDIAN TRIALS TO CRITERION 


Attributes and values Concepts 


Stine Color | Afirma- | Bicondi- - 
tion tional junction 
Tound red « | а a 
round green В В 
ae red B | B B 
In green B | æ B 


Type of response label 


Concept | NE Мни 
| Neutral | Positive/ 
negative 
r енна н 
Affirmation | 5.0 2.5 
Biconditional | 256.0 54.0 
Conjunction/disjunction | 26.0 
Conjunction positive | | 10.0 
Disjunction positive | | 61.0 


MEER 


32 RICHARD L. 


cept, the neutral response condition жаз 
significantly harder than the positive/ 
negative condition (р < .01). In the neutral 
response condition, five of the eight Ss 
failed to reach criterion, while in the 
positive/negative condition all Ss reached 
criterion. In the conjunction/disjunction 
concept, the neutral condition w. 
intermediate difficulty. The positive 
tive condition was significantly e 
the conjunctive subset was label 
tive (p < .01). The positive/nega 
dition was harder if the disjunctive subset 
was labeled positive (b < .05). Within 
the positive/negative condition, 
was easier when the conjunctive su 
positive than when the disjuncti 
was positive (p < .001). 


In general, the relative order of dif- 
ficulty of the three concepts was the 


same as that found by other investigators 


(e.g., Gottwald, 1971; Neisser & Weene, 


1962) with the affirmation concept being 
the easiest and the biconditional being the 
hardest (p < .05 for every comparison). 
The only exception to this order was that 
with positive/negative labels, the bicondi- 
tional concept did not differ from the con- 
junction/disjunction concept when the 
disjunctive subset Was positive (р < 40). 
Rules.—The precriterion 
Were also examined. In t 
Sponse conditions, the rules 
or both subsets of stimuli. 
negative conditions, 
only the subset associ 
response. This differ 
clearly in the fin 


as of 
/nega- 
asier if 
ed posi- 
tive con- 


learning 
bset was 
ve subset 


» While in the 
negative conditions 75 


scribed only the positive subset and no § 
described only the negative subset. This 
difference in descriptions is statistically 
significant, (1) = 4.20, р < :05, апа rep- 

ndings of Peters and Denny 


Dositive/ 
% of the Ss de. 


GOTTWALD 


stimulus subsets using the affirmative ni 
In the biconditional concept, all final ru E 
described the subsets as a pair of d 
junctions. For example, referring to T кше 
the alphas would be described as roun а / 
red or thin and green. In the conjunction 
disjunction concept, all rules described E 
conjunctive subset with a conjuncti i 
rule. The disjunctive subset of the rad 
junction/disjunction concept was descri A 
a total of 13 times. One of these rules us 3 
a disjunctive rule. The other 12 rules a 
scribed the subset as an affirmation el 
cept and a conjunction concept. For er 
ample, referring to Table 1, the betas wou 

be described as thin or round and green. 


Discussion 


1 
The primary findings of the present study 
are that type of response label affects conces 
difficulty and the nature of the effect varie? 
with the type of concept. spe 
In the simple affirmation concept, the hes 
of response label had no effect. In the bicon 
ditional, a complex concept in which the sunma 
lus subsets are logically identical, the use Я 
positive/negative labels facilitated learning: 
In the conjunction/disjunction, a comple? 
concept in which the stimulus subsets are log 
cally different, the use of positive/negat V 
labels was facilitative or detrimental depe” 
ing upon which subset was positive. _— 
Free recall versus baired-associate learning: 
Whitman and Garner (1963) pointed out i 
the concept attainment task involves aspe? 11 
of both paired-associate learning and free rec? 
learning, Concept attainment is similar к 
paired-associate learning because some set 
Tesponses must be assigned to some set E 
stimuli. Itis similar to free recall learning ili 
cause the characteristics of the subset of stim" Я 
associated with each response must be learn, 
They argued that the major part of the сопсер. 
task is Perceiving the relations among * p 
stimuli within each subset and thus conce. 
attainment is more similar to free recall lea" 
ing than associate learning. гре 
tudy, the finding that. Ere 
n fects difficulty is consist 
this argument, When response la 
» the paired-associate part © 
task is not changed—each response is stil 
ht stimuli. However, the u5€ ^, 
i 5 focuses attention uld 
stimuli and this WO 


18 
he 
29 
1 а f 


RESPONSE LABELS IN CONCEPT ATTAINMENT 338 


facilitate learning of the characteristics of 
these stimuli. Overall difficulty, though, is 
also affected by the internal structure of the 
positive subset. The difference in difficulty 
between the two positive/negative conditions 
in the conjunction/disjunction concept is due 
to the differences in internal structure between 
the stimulus subsets. Logically, the conjunc- 
tive subset has a simpler structure than the 
disjunctive subset. The Ss' descriptions of 
these subsets show that the subsets are also 
perceived as differing in complexity. The 
conjunctive subset is described as one group 
of stimuli all of which have two attribute 
values in common. The disjunctive subset is 
described as two groups of stimuli. In one of 
these groups, the stimuli have one value in 
соттоп, and in the other the stimuli have 
two values in common. 

Rules.—Neisser and Weene (1962) listed 10 
logically different conceptual rules which in- 
volved no more than two attributes. Each 
stimulus subset in the present study could 
have been correctly described by at least two 
of these rules. In a study using neutral re- 
sponse labels, Gottwald (1971) found that Ss 
used few of these rules as their final rules, but 
instead described the subsets as combinations 
of affirmations and conjunctions. The results 
of the present study confirm this finding and 
extend it to conditions involving positive/ 


negative labels. More generally, Ss tend to 
describe the stimulus subsets in terms of one 
or more critical attribute values or features 
Which are present in all stimuli within the sub- 
set. If all of the stimuli within a subset do not 
have features in common, the subset is broken 
down into groups of stimuli which do have 
features in common. 
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The threshold for the first of two 2° flashes of equal size presented to the same 
retinal location was determined as a function of the temporal interval between 
the fields. Test field duration, mask luminance, adaptation level 
of viewing were investigated. Masking was found to be more 


previously reported and central rather than р 
in the effect, 


and mode 
tensive than 
peripheral factors were implicated 


Recent investigations 
(1965, 1967) and by Frumkes and Sturr 
(1968) showed that increases in the masking 
field diameter in the increment detection of 


Е к И: 
by Westheimer poral resolution between the fields. Steche 


(1968) has shown that spatial interaction 
between visual fields yields luminance dis 

crimination functions different from those 
a test field led to a complex function such yielded by temporally interacting fields. 
that as the area increases the threshold In one of an extensive series of investiga” 
first increases, then decreases, and there- tions of the “Crawford effect," Battersby 
after remains constant. While these and and Wagman (1962) determined the thresh- 
other spatial variations in the test and back- old for a 5-msec., 40-ft. test field followec 
ground fields under increment and masking after various durations by a 300-msecs 
threshold detection have had extensive variable-area masking field of 100 mL. 
previous investigation (Barlow, 1958; Bat- superimposed on a 10-mL. adapting lumi- 
tersby & Wagman, 1959, 1962. Crawford, 


:noculaf 
Й nance under both monocular and binocul 
1947; Graha 940; Ratoosh & 


ч observation. They found that the test field 
Steinhardt, 1936), very threshold rose systematically as the mas% 
as been done on the detect- field diameter decreased, with the largest 
ability of equal-size аа racon i threshold changes occurring when the rhe 
the same retina field and mask field were equal in size. Th 
he hae of spatial tr influence of these spatial pee on um 
Si test field threshold led the authors to co” 
at clude that there was "some unique process 
ze, involved When the two targets are of the 
" mask same diameter" and that for these equa 
atial and temporal area, successively presented stimuli “pro” | 
\ unequal size asyn- cesses of uniquely peripheral origin ар” 
ation of the two fields. He peared to be involved [p. 364]," whereas 
has Suggested that discrimination in the for stimulus conditions in which the mas* 
ormer case is mediated by simultaneous was larger than the test field, central pr?" 
Contrast between the fields, while in the Cesses were implicated, 
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Sperling (1965) and the others cited 
above have demonstrated a varietv of in- 
teresting relationships between the masking 
field parameters, adaptation luminance, and 
test field threshold in the simultaneous 
presentation (simultaneous contrast) con- 
dition. Battersby and Wagman (1962) and 
Crawford (1947) have demonstrated the 
influence of similar parameters in the 
asynchronous (masking) condition. 

It is of importance, therefore, to deter- 
mine the effects of similar parameters in 
the temporal interaction condition of the 
Successive presentation of two equal-area 
fields to the same retinal location without 
the influence. of spatial transients. The 
Present study investigated the threshold 
changes induced in a test field, which 
Preceded a masking field of equal size 
аз a function of: (а) the luminance of 
а constant duration masking stimulus, 
(b) the duration of the test field, (c) the 
background adaptation luminance, and 
(d) the effects of binocular and monocular 
presentation. 


METHOD 

A pparatus.—The apparatus consisted of a spe- 
cially constructed four-channel, binocular, Max- 
Wellian viewing system, the complete deta of 
Which have Previously been published (Stecher, 
Sandberg, & Minsky, 1970). Briefly, the output of 
the system was generated by two glow modulator 
tubes bathed in ultraviolet light to avoid onset 
jitter, the outputs being optically superimposed, 
each eye receiving the combined flux from each of 
the tubes (Sylvania, R1131C). These light sources 
.. Were run at a constant current of 26 ma. and could 
ў be independently controlled in duration, frequency, 
and interval between onsets of the flashes by a 
Grass physiological stimulator (5-8) pulsed through 

а triode-connected gating circuit. Luminance was 
controlled. by neutral-density wedges and filters 
Placed in an image plane in each of the channels, 


Test fields subtended 2°; adaptation fields sub- 
tended 12°15’, 


Test fields were always superimposed 
on the adapting field and viewing was foveal through 
а 2-mm. artificial pupil, 

Both channels pres 


. ented to each eye were optically 
in focus on a field lens, In front of the field lens Ww 
а field stop, with a 1.3-em.-squ 
Which the light from each 

im, 


as 
are opening, through 
channel passed. An 
SEN the cater was formed by the field lens in 
Sen. ane of S's pupil after Passing through a 

aM splitter, being then reflected by a final mirror 


and passed through the 2-mm, artificial pupil. The 


field stop w 
artificial pup: 


at a distance of 38 cm. from the 
‚ the opening thus subtending 2? ?. 

To the side of the beam splitter (through which 
the light from the field lens was transmitted) was 
a 12°15’ square adapting field. Light from this 
adapting field passed through — neutral-density 
filters and was then reflected through the beam 
splitter into S's pupil. The adapting field consisted 
of flashed opal glass evenly illuminated from be- 
hind by a 6-w. bulb (Sylvania). 

A constant proportion of the output from each 
of the glow modulators was reflected onto the 
cathode of one of the two photocells (RCA 929). 
The rise and fall times for 10-msec. flashes were 
about 10 asec., and a close approximation to a 
rectangular pulse was obtained from each output. 
The outputs were continuously monitored by a dual 
beam cathode-ray oscilloscope (CRO) throughout 
the course of experiments. 

With each eye, S thus had a Maxwellian view of 
the opening in the field stop that was superimposed 
on a fixed adapting luminance. The S sat in the 
dark, and his head was held in place by a dental- 
impression biting board. 

Centered above and below the square 2? field 
in each eye, two dim red points served as fixation 
stimuli for S. The S was asked to fixate on an 
imaginary vertical line between them. The fixation 
points were in the plane of focus of the stimulus 
array and were set just above S’s threshold by 
adjusting a rheostat that controlled the current 
ng through them. The stimulus arrangement 
sted of the square 2? field presented in suc- 
right eye, left eye, or both eyes. 
Either the first flash or the second could be set to 
various luminances and durations. Either of the 
flashes could be oc uded from view to either eye. 
With both fields presented simultaneously (one to 
each eye), they appeared of equal heights and 
widths and were superimposed without any de- 
tectable juxtaposition of the fields. 

The wedges were arranged so that different 
wedge positions could be attained by manual 
operation by E or S, or by remote-control operation 
by S alone. This Was accomplished by the use 
of a tape reader (Ohr-tronies, 119) whose out- 
but controlled the position of a motor Bodine, 
KYC-22Rp), The motor, in turn, governed the 
Wedge position in each of the four channels. The 
Output from the tape reader randomly activated 
а preset potentiometer. This caused the motor to 
Stop at a position corresponding to a particular 
resistance setting, the latter having been set by E 
to correspond to a particular stimulus value. The 
apparatus was capable of presenting one 
randomized stimuli to S upon 
Responses were recorded by 
recorder for the discrete tri 
Responses of S could also be recorded by а chart 
Tecorder (Heath Servo- Recorder, EUW-20A) GES 
calibrated for wedge position for continuous bright- 
Pos eum: tasks used in Other experiments 
(Stecher & Sandberg, 1970; Stecher et al, 1970), 


ш 


of seven 
command of 5, 
à Gerbrands event 
als used in the Study, 
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Procedure.—Before the beginning of each ex- 
perimental session, S was dark adapted for 15 min. 
and then looked at the prevailing luminance of the 
12?15' adapting field for 5 more min. with either 
the right eye alone or with both eyes. In each of the 
experiments, the threshold luminance of the first 
flash was determined when followed after various 
intervals by a 10-msec. masking flash set to various 
luminances. The method of constant stimuli was 
used for all threshold determinations, S indicating 


whether the first flash Was present or absent. A 
least-square Ogive was fitted to the percentage 
“seen” judgments and the mean of this function 
shold estimate. 


ere 

evaluated for various durations of the test flash. 
The masking field luminances ranged from .1 to 
1,000 mL. in log unit steps, while the duration of 
the mask was always kept constant at 10 msec, 
The test flash was set to 10, 20, 40, or 80 msec. for 
each of the The ISI were always 
ation of the test flash to the 

onset of the masking flash, and as the test flash 
always Preceded the mas h these intervals 


ative intervals in order to 
Studies. All test 


ng flashes in Exp. I were Superimposed on 


a .0038-mL. adapting field. Viewing was monocular 
with the right eye. Resting thresholds (hereafter 
designed as AL or RT) were determined without the 


Presence of the masking fields and were checked 
each day. 


In the Second experime 


nt, the threshold 
first of two 10-ѕес, fl 


for the 
ashes Separated 


by various 
ashes were super- 
minances and the 
r monocular. The 
ances of 100 and 1,000 mL, 
were used. The luminan 


ce of the adapting field was 
8, .38, 3.8, or 38.0 ie 


right eye and the 1,000- 
mL., 10-sec, masking flash to ti 


The ISIs used wer 
500 msec. Each thre 
judgments | У. 
stimulus pa 


RESULTS 
Figure 1 j 
old in log m 


AND Discussion 


S a plot of the test- 
illilamberts as a functi 
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* suc 
interstimulus intervals between cho AA 
cessively presented flashes. The агаи 
in the figure represent the a B 
using the four different test field WEE 
in the presence of a constant Ae 
variable-luminance masking flash pre E 
after the cessation of the first flash Jy The 
intervals indicated on the pars the 
horizontal line labeled RT in each о 
graphs represents the value of the Pa the 
test field resting threshold, which i E 
threshold value for the test field preces | 
on the continuous, .0038-mL. adapting. te 
without the presence of the pomis 
minance. The parameter of the ^X the 
within each graph is the luminance о 
masking field. adii 

With the exception of the 80-10 Ө f, 
tion, threshold values are not RES of 
zero and other short ISIs. At these IS s 
the conditions investigated in the pr 
study, there was no luminance of the d 
flash that made the test field dene 1 
The shortest ISIs at which thresh f 
are plotted represent the results of o 
liminary experiment and are approx" ol 
tions to the shortest ISIs at which amü 
flashes are detectable 100% of the t! ге 
These values are very close to those 
Ported by Manake (1958) for compar? 
conditions, in 

The four graphs have many features gl 
common. Generally, independent of ре 
field duration, the functions indicate 
ollowing. 

1. The log 


; vel) 
ý ive 
: threshold remains relet h 
horizonta] until some short ISI, at e in- 
time further decreases in ISI lead t 


0 
r mde 
creases in log threshold. The magnitud a 
the increase in tl 


Ireshold is between jj 
log units at an ISI of — 100 msec: coat 
vious investigators have indicated jin 
Such large Magnitudes of threshold 0 


er 
Crease are to be expected at ISIs clos, 90 
0 msec. and that 


: the threshold at — che 
msec. ig relatively uninfluenced an 
masking flash in fiel 


ds were spatia " 
Crawford (1947), w o 
12° background expos for 
а .5° test field expose) 
that the test field He dé 
rise 100 msec. befor 


Sients occur, 

ample, using а 
524 msec, and 
10 msec, found 
first began to 
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application of the background and 
creased to about 10:1 at 
tion between the fields. 

however, the functions 

this earlier study. 

2. There is an ordering of the placement 
9f the functions according to mask lumi- 
Dànces, higher masking luminances leading 
to higher log-threshold values, with the 
Owest two mask luminances hardly in- 
Uencing the test field threshold. With the 
O-mL. mask luminance, however, the log 
threshold rapidly increases and does so in 


amounts with the 100. and 1,000- 
- Mask, 


in- 
a 20-msec. separa- 
Beyond 100 msec., 
were horizontal in 


function of interstimul 
ations. 
field luminance. RT refe. 
€ presence of the mask 1 
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us interval (ISI in 
(The parameter of the curves is the 
rs to resting threshold values ob- 
uminance. Adapting luminance is 


3. There is an indication 
at which the threshold fir. 
crease is generally longer 
luminances. That is, 
minances yield threshold increases at longer 
ISIs than do lower mask luminances, Thus, 
with a 10-mL. mask the threshold begins to 
increase at about — 160 to — 180 msec.; 
with a 100-mL. mask at about — 220 msec, 
and at about — 250 msec. with the 1,000- 
mL. flash. Studies by Battersby and Wag- 
man (1962), Frumkes and Sturr (1968) 
Crawford (1947), and others h i 
dicated that the thre 
rise between — 50- 


that the ISI 
st begins to in- 
for higher mask 
higher masking lu- 


ave in- 
shold first begins to 
and — 100-msec. ISI 
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between spatially contiguous fields. Sperl- 
ing (1965) using a 250-msec., 1.38? mask 
set to 50 mL. and a .36? test field exposed 
for .04 msec. has demonstrated a com- 
parable change at zero ISI, the threshold 
being flat beyond — 50 msec. 
obtaining the threshold by 
equal-size fields presented 
retinal location in succession 
backward masking of a larger magnitude 
and over a more extensive temporal interval 


than most Previously reported threshold 
detection studies. 


However, 
the use of two 
to the same 
demonstrates 


The effect of changes of test field dura- 
tion are also presented in Fig. 1. While 
the standard deviations are not presented, 
they were always between 15% to 30% of 
the threshold values. The 
that the test field threshol 
any ISI as the duration of t 
creases, and the longer the 
tion, the shorter the ISI at 
ments were possible, Note 
the value of the RT 
test field duration in 
accord with the resu 
investigators, 

The extent 


data indicate 
d decreases at 
he test field in- 
test flash dura- 
Which measure- 
; however, that 
also decreases as the 
creases, a finding in 
Its of many previous 


of masking can best be in- 
dicated not by assessing the threshold but 
by looking at the threshold elevation, a 
sample of which is presented in Fig, 2. In 
this figure, the log of the differenc 
tween the resti ng threshold and them 

threshold (the latter in the presence of the 
masking field) is plotted as a function of 
the stimulus onset asynchrony (SOA). This 
figure indicates that the log threshold 
elevation is independent of test flash dura. 
tion when plotted against SOA, all the 
different test field duration functions col- 


lapsing onto one curve. The data indicate 
that the threshold increase j 


of four log units 
rise begins between 0. 
msec. SOA. Both functions 
the shortest SOA at whi 
threshold could reliz 
test flash dur 
value did 
mask lumin 


e be- 
asked 


mesc. Thig 


not change appreciably With 


ance, 
A number of previous invest 


Studied the eff 


gators һауе 
ects of b, 


ackground lumi- 
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Ox 
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io 


nance on 


Parametric conditions, Sperling (1965) tio” 
suggested that the threshold eleva 
found at the Peak of the masking funct p 
1s independent of adaptation luminance: 
the present 


threshold under a variety | 


„ B 
Study the monocular tw 
"niInocular threshold for the first of jul 
equal-size, 10-msec,, successively pres d 
flashes Was obtained w these flashes y iof 
When these s 


superimposed on a lar в 
р 

0 
«of 

tio 


ger adapting fiel 


to various ly minances, 
i B rigat 
adaptation investig? 
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where the monocular threshold, in log 
millilamberts, is plotted as a function of 
the interstimulus interval. The parameter 
of the curves is the adaptation luminance 
in millilamberts. Each graph represents the 
threshold values obtained in the presence 
of a different mask luminance (1,000 and 
100 mL.). The horizontal lines represent 
the threshold values obtained for a 10- 
msec. test flash superimposed on an adapt- 
ing luminance without the presence of the 
10-msee. masking flash. The functions in- 
dicate that the threshold (in log mL.) 
values obtained at all adaptation lumi- 
Nances tend to converge to the value of the 
threshold obtained at the maximum thresh- 
old values found at very short ISIs. The 
increase in threshold is scen to start at 
Short ISI as the adaptation luminance in- 
creases. At an adapting luminance of 
0038 mL., the threshold begins to in- 
Crease at about — 250 msec. This trend is 
more dramatic for the 1,000-mL. mask 
than for the 100-mL. mask; increases in 
the adaptation luminance tend to shorten 
the interval over which the masking flash 
is effective, Comparison of the data with 


Mask = 1000 mLam 
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i Fic, 3, Test field threshold in log mL. as a func- 
e ОЁ the ISI (msec.) for two successive 10-msec. 
ashes presented to the same retinal location 
опар, to the luminances indicated as the hori- 

Ines. (Mask luminance equals 1,000 mL.) 
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= 0.038 
$ . 
È о-о 
Е 
0.0038 
-2.0 
-500 -400 -300 -200 -100 
151 (msec) 
Fic. 4. Same as Fig. 3 except 
mask luminance equals 100 mL. 
the results of Battersby and Wagman 


(1962), Sperling (1965), and others using 
comparable adaptation and masking lumi- 
nance indicates the same order of magnitude 
of threshold increase at comparable ISI. 

Thus, Battersby and Wagman (1962) 
using equal-size fields presented to the same 
retinal location in succession and super- 
imposed on a 10-mL. adapting field found 
no elevation of the threshold at ISI less 
than — 100 msec. Sperling in the study 
previously cited found the threshold to be 
relatively uninfluenced by ISIs greater than 
— 50 msec. Both of these results could be 
contrasted with the 3.8-mL. adaptation 
Condition which shows a rise comparable to 
that found in the above studies at similar 
ISIs. The lower adaptation functions show 
а greater magnitude of effect. 

Caution should be used in interpreting 
the threshold increase from these graphs as 
any log threshold difference is equal to the 
log ratio of the threshold values or the log 
of the proportion threshold increase 
(v TD = log TF — log RT — оку). 

SRT 
A better picture of the 


i 1 effects of the 
adaptation luminance on th 


€ masking can 
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be obtained by plotting, at any constant 
ISI, the threshold elevation as a function 
of adapting luminance. Sperling (1965) 
has made a similar plot of threshold eleva- 
tion as a function of mask luminance with 
adapting luminance as parameter and has 
concluded that the threshold shift is in- 
dependent of the adapting luminance. 
Figure 5 presents a similar plot of the 
present results for the two highest m 
luminances at the shortest ISI at wl 
all data points were available. The upper 
two curves refer to values of log threshold 
elevation (right ordinate). The results sub- 
stantiate Sperling's findings that the thresh- 
old elevation is independent of these adapta- 
tion luminances. The previous figure show- 
ing the threshold values themselves rives 
the mistaken impression that the mask 


king 
level obtained is due to the ad 


aptation 
luminance. The threshold. elevation is flat for 
the ISI at w 


hich the masking effect is m 
mum as a function of 

"These results imply 
level sets a rangi 
System 


ask 
hich 


axi- 
adapting luminance, 
that the adaptation 
€ over which the visual 
is operative, but the masking 


€$*1000 mLam 
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represent the log thresh- 
; ALJ) for two mask lumi- 
nances for the adaptation val 


perimposed on the 


on the abscissa, Op 
Tepresent data collected in the 


circles are data extrapolated from publisk 
tions of Onley*and:Boynton (1962).) 
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(threshold elevation) of a A 
tion, constant-luminance mask is independ- 
ent of the sensitivity range of the eye. Я 
Sperling (1965) has concluded b 
equally luminous, but unequally brig d 
conditioning fields at zero ISI produced 
about equal threshold elevations. This im 
plies that the brightness of the flashes is па 
the determining factor in threshold detecta 
bility. Further, since the masking effect 18 
maximal at zero ISI, the increment гез 
old does not appear to be related to brigh 
ness changes, while other data indicate 
that luminance difference discriminate” | 
between successive flashes at superthres E [ 
old levels are related to aspects of apparen 
brightness changes (Stecher & Sandberg» 
1970). The implication of this finding is na 
the mechanisms may indeed be different fo 
increment threshold and suprathresho 
luminance difference detectability. 1 
In the current study, 10-msec. masking 
flashes of 100 and 1,000 mL. were presen? 
on different adapting luminances rangin 
from .0038 to 38 mL. The two lower curva 
in Fig. 5. (left ordinate) represent я 
results of binocular brightness match A 
(comparison luminance) to the maski”? 


apt’ 
flashes superimposed on the different adap” | 


. . "ү e 
ing luminances, To make these measur? 


2 1 
ments 5 controlled the luminance of a ^ 1 


10-msec. masking field superimposed 


different adapting luminances presented s 
the right eye. The data points are repr 
sented by open circles; the closed атои | 
represent the values extrapolated fro 


Onley and Boynton (1962), Fig. 2, 
In a similar study. 


sJey 
. in 
It is apparent from these results that 
this study the masking stimuli did 


change in brightness when superimp??r, 
on the different adapting luminances- 
this case no dramatic changes in thresh? f 
occurred, but neither did the brightness jd 
the constant luminance masking Je 
change. It is interesting to note that W Я 
the threshold elevation is found to Þe re 


apting luminance, as КЕ 


out by Sperling ne 
the a вт. Һе 52. 
the threshold elevation is roughly the 5. 4g 


i- ki 
for both the 100. anq 1,000-mL. mas! b 
stimuli in spite of the fact that the ma 


hi 


2 


MS 
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ing luminances of the masking fields dif- 
| fered by about one log unit. 

In the study by Battersby and Wagman 
(1959) cited earlier, two equal-size fields 
Were presented in succession in the same 
retinal location in both monocular and 
binocular conditions and the monocular 
Masking was somewhat more extensive 
than the binocular presentation. They pre- 
Sented their test and mask fields super- 
imposed on a 10-mL. adapting luminance. 
The present investigation explored the 
effects of preadapting luminance on both 
»inocular and. monocular presentation for 

the successive method. 

Figure 6 represents the results found for 
"Inocular and monocular conditions. The 
Plot represented here is the log relative 
change in test field threshold as a function 
of the ISI. The axis on the right gives the 
Percent change in threshold from rest, 
While the left axis yields the log ratio of 
test to resting threshold. This plot takes 
into account the differences in RT ob- 
Served over the course of the experiments 
Y evaluating relative changes from resting 
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"Оп of the ISI for five adapting wide 


luminances under 
- (Functions have 
mounts indicated 
ained for 1,000-mL. 
and mask durations equal 


m i 
ee Ocular and binocular viewing. 
i is displaced, in log units, by 
Parentheses, / alues 
p Mask theses. All values obt 


uminance. Both test 
msec.) 


levels independent of the resting value 
found. 

The three highest pairs of curves have 
been displaced by the amount indicated in 
parentheses. 

The major relationships to be aware of 
in the figure are the lack of difference in 
the relative threshold changes found in the 
monocular and binocular conditions. This 
result would appear to indicate that the 
temporal interactions yielding the thresh- 
old effects observed in the successive 
method are centrally limited to the degree 
that binocular presentation reflects central 
involvement. 
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RETROACTIVE EFFECTS ОЕ PHONEM 

MIC SIMIL/ do 

SHORT-TERM RECALL OF VISUAL mas 24 
AUDITORY STIMULI?! — 


A. KROLL, 


PHILIP M. SALZBERG,? E. PARKS; NEAL Е 
AND STANLEY К. PARKINSON + 


University of California, Davis 


On each of a series of trials, Ss were required to recall an alphabetical letter 
auditorily. In each case, recall followed а 12-ѕес 
auditory shadowing. Recall performance vas 
relatively depressed when the shadow materials contained items that were 
similar to the memory letter but only if the memory item had 
been presented auditorily and, then, only if the phonemically similar items 
occurred very soon after the presentation of the memory letter. These results 
have implications for the degree to which recall of visual stimuli, under this 


presented either visually or 
retention interval filled with 


phonemically 


paradigm, might be taken as a relatively pure measure of visual storage and, 


second, for the understanding of the 
recall of spoken stimuli. 


A great deal of evidence suggests that 
Visual stimuli are often encoded auditorily 
for the purpose of short-term retention 
(e.g., Conrad, 1964). However, Kroll, 

arks, Parkinson, Bieber, and Johnson 

(1970) argued that recall of a visually 
Presented alphabetical letter after several 
Seconds of “shadowing” (repeating aloud 
а series of spoken letter names) is based, 
at least in part, on storage of the visual 
Aspects of the memory letter. That con- 
Clusion derived from the observation that 
Under these conditions, recall of such visual 
Items was markedly superior to recall of 
Spoken memory letters. Thus, recall of the 
Visual letters apparently was not typically 
ased on an auditory memory for a covert 
Tehearsal of the name of the memory 
on a master's thesis sub- 
hor to Sacramento State 
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h r 5 АРЫГ 
5 Now at Arizona State University. 4 
llow a precise 


disti ince current evidence docs not а г 
Ghee between auditory and articulatory 
© ing (Wickelgren, 1969), the single term, 

both 


audi ‹ ; 
рсы туу” will be used here to encompass 
sibilities, 


elfect of phonemic similarity on short-term 


letter. These results are understandable if, 
among other possibilities, a visual presenta- 
tion led to a visual memory trace, that 
trace being resistant to interference from 
the subsequent auditory activities in- 
volved in shadowing. 

The present research was not primarily 
concerned with further questioning the 
occurrence of persistent visual traces. 
Rather, the critical issue was the degree 
to which the shadow paradigm of Kroll 
et al. (1970) prevents auditory encoding of 
visual stimuli. To the extent that recall 
performance for visual stimuli under the 
shadow paradigm is free of the influence of 
auditory storage, that paradigm might pro- 
vide an important research tool for the 
detailed exploration of visual storage. 

The technique employed for detecting the 
auditory short-term memories 
1 the findings of Wickelgren 
hort-term recall of spoken 
duced when those letters 


presence of 
derives from 
(1966) that sl 


letters was re! t 
were followed by a spoken list of letters 
whose names included vowel phonemes 


nilar to the root vowel of the memory 
items. On the other hand, a visual trace 
would not be expected to be differentially 
affected by such “phonemic confusion.” In 
fact, the finding of that effect in the recall 
of visual stimuli would suggest the presence 
of auditory encoding. 

Indeed, no effect of phonemic confusion 


sit 
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was apparent in the visual recall data of 
Parkinson, Parks, and Kroll (1971, Exp. 
III). However, that finding, while en- 
couraging, was inconclusive for the present 
purpose. In their experiment, the shadow 
materials that were of low similarity to the 
memory letters (and might therefore have 
favored retention) were also relatively 
difficult to shadow. Since this latter factor 
severely reduced retention of visual stimuli, 
it may, thereby, have obscured any 
tendency toward an effect of phonemic 
confusion. What is required is the demon- 
Stration that shadow materials 
control for all variables, except phonemic 


similarity, do not differentially affect the 
recall of visual stimuli. 


which 


METHOD 

Materials.—Each trial consisted of the presenta- 
tion of 35 Spoken shadow letters recorded in a 
female voice at a rate of 2 per sec, 
tion of a to-be-remembered lette 
onset of the shadow list. Since ri 
mediately following the last letter of the shadow 
list, the retenti approximately 12 see, 

The popula letters, one of which 
was presente, ; consisted of two sub- 
groups of three phonemically similar letters each: 


mon root vowel, €) and 
К,А (root vowel, a). 


Lists of Shadow letters Were drawn prim, 


from the population C, D, I, 0, P,Q,R, T, U, and 
Y (none of Which have an & 


ever, each shadow list also 


n subgroup 
of that sub. 
ance of the 
ed. Presentati 


sible combing 
two members of еде E 
(Le., SF, SX, FX, JK, JA, and KA) for 
12 master shadow lists. The 2 lists that contained 
the same pair of letters differed in that 


instances 


after. 

of that pair occurred either 1, 2, 3, and poe 
the time of presentation of the memory le A _ 
else occurred 7, 8, 9, and 10 sec. after that P сапу 
tion. Thus, these items occurred either FEN "T his 
or relatively late in the retention үә EE 
variable (Early vs. Late conditions) was inclu: е ec 
part of a second, parallel goal of the present eer 
a continued exploration of the effect of are be 
confusing material on short-term recall. m |, 
precise, the data of Parkinson et al. (1971, ect 
1-ѕес. retention condition) suggested that an ° ful 
of phonemic confusion might = most powe 
very early in the retention interval. : 

Four Site were made of each of the a 
shadow list recordings for a total set of 48 rus 
On two of these Copies, a brief signal Mans Ne 
placed on the second tape channel. This signa slide 
initiated the Presentation of a photographic 5 sly 
of the memory letter which occurred simultancou 
with the eleventh letter of the shadow list. NA 

For the High Similarity condition, the Ванга 
potential memory letters included as shadow let ry 
in each list dictated the corresponding me 
letter for that list. For the Low Similarity conditis y 
à member of the Opposite subgroup was pondo 
chosen but with the restriction that all potentia 
memory letters appear equally often. 


i н sed tO 
The second two copies of each list were use 
determine the re 


shadow materi 


o 
visual recall would only EM 
lists did differentially a 


imuil. The same pairings Я 
memory letters and lists Were used as in the My 
memory trials, but in this case the eleventh lett 
of each сору was 5 


a 
Pliced out and replaced by 
male-voiced Tecording of the memory letter. ЛЕВ 
Instances of any given memory letter were COP 
of a single recording of that letter, 


T «ss (2 
Finally, these 48-sec, Eeneration recordings ( 
for visual 


memory letters and 24 for auditory 
memory letters ach copied twice for a EE & 
s. Опе сору of each Sec 
as made complete, but the seci ге 
ne Shadow materials that folio 
the Presentation of the memory letter, These d 
al trials were included to test ry 
e relative identifiability ш. the visual and audito 
memory items, 


of 96 experimental trial 


г 
e rocedure— Each of 32 MT 
eginning Psychology students participated in t? 2 

al sessions, The first session involved: 

to 40 practice shadow lists (the number depe™ y 
on the difficulty 25 experienced in shadowing’ 
followed by 16 trials each including an audito, 
memory letter and finally 16 trials each includ! 


Ў ch 
n ; са 
а visual тетогу letter, The next two sessions €. c, 


a 
$ Including one block of 24 Г 
ranged vi. 


ne 

Sual memory trials and ry 

lock of 24 randomly arranged ues mu 
trials, the Order of the: 


alanced across Ss. 


nt 
Se blocks being cou” ed 
Y five warm. 


а 
block of trials was prece 


Each сї 
n the same memory 


Чр trials i 


VISUAL AND ACOUSTIC STORAGE IN RECALL 


оар but using as memory items letters drawn 
rom the population of shadow letters. 
К гон shadow materials (апа 
Der memory letters, when employed) were 
Mod ww binaurally through headphones (Sharpe, 
Medel A-10A) from a Concord tape recorder 
m »lif F98S) connected through an external 
a Шер (Dyna Kit, Stereo 70). The tape recorder 
een modifi tion (EDCO) which allowed a tone 
a Ke me ona separate channel of the tape to control 
tlic Dd. Carousel slide projector which presented 
oi visual memory letters. Each such letter was 
REO for .2 sec. onto a ground-glass screen 
n was located approximately 5 ft. from the 
ead and 2 ft. from S. The intensity of that 
es uem reduced by a д n. apperture located 
of s» lately in front of the projector. As a variable 
рг Secondary interest to the present purposes, the 
үсе size of the letters was either 1 or 4 in. 
eee across all other variables). Since this 
diffe. le was quite ineffective (y ding only a mean 
Mer Ch of 1.3% in recall accuracy), it has been 
apsed in the analyses which follow. 


the 


RESULTS AND DISCUSSION 


Mean performance under each combina- 


Чоп of the experimental conditions is 
Shown in Fig. 1. Over all treatments, 
Approximately 86% of the visual items 
ега correctly recalled. after 12 sec., as 
compared to only 59% of the spoken 
Memory letters, F (1, 31) = 89.43, p < -01, 
espite the fact that initial perception of 
е items was quite comparable (99% vs. 
E. correct identification), as was sub- 
ant shadow performance (8170 vs. 78% 
ot These findings replicated those 
et Kroll et al. (1970) and of Parkinson 
gab (1971) and may be taken to indicate 
o at the visual presentations led to a form 
,, Storage that was relatively immune to 
Hs general retroactive effects of the 
adow activity (e.g« visual storage). 

lore to the present point, if that form 
aei P. tends to be the sole basis m the 
Menti of visual stimuli, then, а5 has л 
Pho tioned, it should be possible to x 
When 88у similar shadow ge 
Spoke, differentially affect the reco" о 
еп, but not visual, letters- The Early 


Sha А : ; : 
mr lists satisfied this quest. For 
n itory trials, 66% of the items ger 

ow 


Qe 
“tly recalled when followed by 


imilar; я К 
у Ану lists, whereas only 51% of the 
€ items were successfully recalled after 


the ; 
e : К бис 
Intervention. of phonemically similar 


80 


о 
о 


— — Visual Memory Letters 
— Spoken Memory Letters 


100 


Percent Correct 


80 


60 


9 Seconds 


Fic. 1. The mean proportion of correct identifica- 
tion (0 sec.) and recall responses (after a 12-sec. 
retention interval) as influenced by the subsequent 
presentation of items that were of high (H) or 
low (L) phonemic similarity. 


shadow letters, / (31) = 3.258, p < .01. On 
the other hand, the same materials pro- 
duced a small, unreliable decrement of | 
1.6% in the recall of visual items, 4 (31) 
— 474. Furthermore, the Phonemic Simi- 
larity X Modality of Presentation inter- 
action was reliable, F (1, 31) = 6.012, 
< .02. This relative absence of an effect 
arity on visual memory 
letters would not seem to be attributable 
to a "ceiling effect." That is, Parkinson 
et al. (1971, Exp. II, III) have shown that 
memory traces which result from visual 
presentations are at least not so robust as 
to be impervious to all retroactive effects 
of subsequent auditory activity (in that 
study, visual recall was markedly reduced 
following à difficult shadow task). More 
probabily, the absence of any clear effect 
of phonemic similarity on the present | 
visual trials reflects the fact that under | 
this paradigm, auditory traces played an _ 
exceedingly small role in the recall of 
visually presented memory items. 


of phonemic simil 
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The second purpose of the present study 
was the more precise delineation of the 
circumstances necessary for the occurrence 
of an effect of phonemic confusion on short- 
term recall of spoken stimuli. In that re- 
gard, it is quite interesting that pho- 
nemically similar items inserted late in the 
retention interval were, if anything, no 
more detrimental than Low Similarity 
items in the same locale (see Fig. 1). 
Furthermore, these High Similarity items 
were also ineffective as compared to the 
same items inserted early in the retention 
interval, £ (31) = 2.227, b < .05. These 
findings carry with them the important 
Suggestion that materials which are pho- 
nemicaly similar to a spoken memory 
stimulus are deleterious only if they occur 
very soon after memory-item presentation. 

In a somewhat similar vein, several in- 
vestigators (e.g., Glanzer, Gianutsos, & 

. Dubin, 1969; Lowe & Merikle, 1971) have 
reported that the degree of difficulty of a 
task which followed a serial list of memory 
items differentially affected the subsequent 
recall of only the later items of the list. 
Additionally, Dillon and Reid (1969) have 

emonstrated that the effect of task dif- 
ficulty on trigram retention i 
ful very early in the reter 
Finally, Corman and Wickens (1968) found 
some tendency, though unreliable, for the 
retention of letters to be reduced if other 
letters were inserted early, rather than late, 


In a series of numbers that filled the reten- 
tion interval. F 


rom these results, together 
with similar findings, one could conclude 
that temporal Proximity to the memory 
stimulus may be an important ingredient 


S most power- 
ntion interval. 


- A. KROLL, AND S. К. PARKINSON 


of any form of retroactive interference in 
short-term memory for spoken stimuli. I he 
present results extend that conclusion to 
the case of the retroactive effect of pho- 
nemically similar materials. 
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One experiment reve 
facilitated when Ss choose respor 


aled that under some conditions, A-B learning is 
ases to be learned on a subsequent A-B list. 


There is also some evidence that Ss who choose their A-B responses and are 


subsequently forced to learn 
tively greater disrupti 
to choose either A-B or A-C. 
their responses, this choosing occu 
Simply 
which is not different from th 
choose their responses. 


effect of giving Ss the opportunity 
in a VOS the materials they wish to learn 
Com pouce (PA) paradigm is а 
merous relatively unexplored area. 
a few fone in this context, only 
iret which will be examined here. — 

Sistine’ it seems intuitively reasonable to 
the ia that if Ss are permitted to choose 
list, at get items to be learned in an A-B 
to the ет, Performance should be superior 
ose Ss who have been similarly exposed 
lean ternative materials but required to 
not of forced” S-R pairs (i.e, S-R pairs 
Of the their own choosing), either because 
Ditton o runiy for S to form m À RÀ 
а ge Marly suited to him or ава result o 
2 eral enhancement of the motivational 


at 
€ of the organism. 


т hile no unambiguous tests have been 
"de of thi "'s (1968) 
MAS this question, Postman $ (1968 
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choosing responses in the absence 
at resulting when Ss are 


AT 


a competing set of material (A-C) show a rela- 
ion of learning than Ss who did not have the opportunity 
All of these effects require that when Ss choose 
rs in the presence of their respective stimuli. 


of the stimuli produces performance 
denied the opportunity to 


review of related work suggests the evi- 
dence to date seems to be contrary to this 
intuitive reasoning. For example, Under- 
wood, Ham, and Ekstrand (1962) revealed 
that learning of preferred and nonpreferred 
materials proceeded at the same rate. In 
a more direct test, Brown and Read (1970) 
found no difference between free (choice) 
and yoked (forced) Ss with either total 
trials or total errors to a learning criterion. 
the free Ss were allowed to select 
airings throughout the 
t while the yoked Ss 
o final lists selected by 


However, 
and change their p 
learning of the lis 
learned only the twi 
the free Ss. 

The main purpose of 
then, is to directly assess t 
ing the A-B responses prior 
A-B list. 

Will Ss who choose responses to be 
learned on A-B and who are subsequently 
forced to learn an A-C list perform as well 
on A-C as those who choose neither A-B 
nor A-C, but rather are forced to learn both 
sets of materials? If A-B bonds are 
stronger in the choice condition, it seems 
reasonable to predict they might produce 
greater interference later. This is the 
second major question examined in the 
present article. 

Third, if Ss are permitted to choose their 
responses for the A-B list, but choose in 
the absence of the stimulus, will the pre- 


the present study, 
the effect of choos- 
to learning the 


48 


dicted enhancement of A-B learning be 
manifested? If enhancement was due to 
associations which choice Ss formed during 
the choice procedure, one would predict 
not. On the other hand, if enhancement 
was due to motivational factors stemming 
from the opportunity to exercise choice 


per se, one would still expect to find 
enhancement. 


EXPERIMENT Í 


In the first experiment the effects of 
choosing the A-B responses on learning of 
the A-B list and the degree or amount of 


transfer present from the A-B to the A-C 
list were examined. 


Method 


Subjecls.—The Ss were 40 
students, ages 19-25, from th 
ware who were р: 
the experiment. 

Apparatus.—The stimuli consisted of words and 
paralogs typed in elite capitals on Kodak Ekta- 
graphic Write-On slides, These slides were pro- 
jected with a Kodak 850 Carousel projector pro- 
grammed with a Hunter Model 111C Silenced 
decade interval timer at a viewing distance of ap- 
proximately 1.8 m. The five-letter CVCVC words 
and paralogs were taken from a list generated by 
Andreas (1967). Andreas’ entire list of 75 items was 
rank ordered along the meaningfulness dimension. 
The first 35 items were then designated as high- 
meaning stimuli and the last 35 items as low-mean- 
ing stimuli. The remaining 5 items were discarded. 


The selected words were then divided into 10 groups 
of 7 items each, again on the b. 


asis of rank, That is, 
Items 1-7 constituted the first group, Items 8-14 
constituted the second group, etc. Within each 
group the middle ranking word was designated as 
the stimulus and the word immediately Preceding 
it in rank was desi 


ignated as the A-C response word 
for that set. The remaining 5 w 


male and female 
е University of Dela- 
aid $1.50 for their participation in 


: ords served as the 
5 potential response words on the A-B list, Thus, 
within any given set of 7 items, me; з 


reasonably homogeneous. 

Procedure.—The Ss were randomly divided into 
two groups of 20 each, The Choice group was first 
Presented with 10 slides, 1 at a time. Each slide 
contained a stimulus word centered on the left side 
and five potential response words listed ve 


aningfulness was 


tial response wor 
and then to select one we 


‹ Ord to serve as se 
word to that Particular stimulus in г 
PA learning task, Each S wi 


10 slides at his own rate. 
tion took approximately 1 
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i s, Ss were 
Following selection of the response items it | 
then given 10 РА learning trials with their Pe ER 
ally selected S-R pairs. The шия us 
shown for approximately 3.8 sec. and чал. pue fof 
by a second slide displaying the chosen раи 
approximately 3.8 sec. The interval between S id 
was approximately .9 sec. The S was geo ane 
say the appropriate response word aloud up nate 
sentation of each stimulus slide. The E re 
S’s verbal responses. em 
À "There were 10 presentations of the 10-word M 
three different random orders. Each order w e 5 
sented on every third trial and each S pi 
items in the same order. A brief period of aD A 
mately 2 sec. followed every third роман ii 
the list to enable E to return the slide tray 
starting position. 10 
"This original or A-B list was then followed BY i 
PA learning trials with pairs comprised of ER the 
identical to those used on the A-B list ane fist 
E-selected responses indicated above. This A- ately 
followed the A-B list after a delay of арр pro- 
50 sec., necessary to change slide trays on an d 
jector. The Ss were informed that they e I the 
required to learn a new set of response words 
original stimulus words. . -to the 
The Force group was treated identically ad the 
Choice group except that although they B they’ 
stimulus and potential response words alou 2 ow! 
Were not given the opportunity to choose the! theif 
responses. Rather, immediately following word 
reading, they were assigned the response 


response acl! 
chosen by the previously tested Choice 5 while 
slide was visible to him. 


Results and Discussion 


t) ] 
The number of words correct per б: 
within each level of meaning served 9n d 
measure of performance on the A-B p" 
Thus, the highest score obtained on а 8! 
trial was five at each level of meaning: 5, 
one-between-variable and two-within-V & 
able analysis of variance (Butler, Kamle ata 
Monty, 1969) was performed on these у 
to determine if there were any differen 
in learning of the A-B list asa function 
groups (Choice vs. Force). Trials | 
meaning (high уз, low) were inclu ai 
as the within variables, Only the m 


effects of meaning, F (1, 38) = m 
b < .001 (with a mean number corre’ eo 
4.30 for hi 


gh-meaning stimuli and 2- 342 
low-meaning stimuli), and trials, F (9 jin 
x 305.83, b < .001, and the Mean"; 
X Trial interaction, (9, 342) — : nct 
Ф < .001, reached statistical significa I 
The data underlying this interaction т 
indicated that high-meaning stimuli 
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learned at a faster rate than low-meaning 
stimuli. Groups and all interactions with 
groups failed to reach significance at the 
:05 level of confidence, which suggests that 
allowing Ss to choose their own response 
words had no beneficial effect upon learn- 
ing, a result in general agreement with those 
reviewed by Postman (1968). To deter- 
mine if Ss who had chosen their own ma- 
terials on the A-B list would show an initial 
retardation in learning on the A-C list, an 
identical analysis of variance was per- 
formed on Trials 2-10 of the A-C list (the 
first trial was omitted from the analysis as 
all scores were zero). d 
As in the previous analysis, meaning, 
Р (1, 38) = 128.17, p < 001, trials, F 
(8, 304) = 235.57, p < .001, and the Mean- 
ing X Trials interaction, F (8, 304) = 20.67, 
b < .001, reached statistical significance. 
Again, high-meaning stimuli were learned 
at a faster rate than low-meaning stimuli. 
f greater interest, however, is the Groups 
X Trials interaction, F (8, 304) = 2.03, 
b < .05. Examination of the data under- 
lying this interaction (Table 1) and a sub- 
Sequent / test revealed that the effect can 
€ accounted for on the basis of the superior 
Performance of the Force group on the A-C 
ist on Trial 2, (38) = 2.56, Р < .02. The 
Superiority disappears on Trial 3 and is 
Subsequent trials. This suggests, then, wv 
Ollowing the learning of the A-B list, | : 
Who chose their own response words showe 
an initial retardation in learning RE = 
" Who were not given the opportunity 
Choose. : 
. The reason for this result requires fuis 
investigation. An investigation was He si 
of A.B intrusions on the A-C trials. Hov 
ever, the number of intrusions was very 


TABLE 1 


small and did not reveal a difference be- 

tween the Choice and Force groups. An 

additional analysis was made of the actual 

words chosen by the Choice and Force 

groups. In this examination, A-B perfor- 

mance was plotted as a function of fre- 

quency of word selection. Out of the 

possible 50 response words, 46 were chosen 

atleast once. Some words were chosen by 

only a single S, while others were chosen by: 

as many as 13 Ss. Performance of these 

groups as a function of word-selection 

frequency suggested that for low-meaning 

words there was some tendency for the. 
Choice group to show superior performance 
for the infrequently chosen words. How- 
ever, for the high-meaning words this result 
was not evidenced. In general, this anal- 
ysis did not appear to be productive for 
furthering the understanding of the effect 
of choice on learning. Had these analyses 
shown that for infrequently chosen words 
the Choice group was superior to the Force 
group, there might have been some evi- 
dence for the role of association in account- 
ing for the observed choice-force perfor- 
mance difference on the A-B trials. 

In summary then, the first experiment 
suggests that if a group of Ss is forced to 
learn a set of materials (A-B) and then is 
forced to learn a competing set of materials 
(A-C), performance 1s disrupted less than 
if Ss were able to initially choose A-B and 
then were subsequently forced to acquire 
a competing set of associates (A-C). This 

ts that the A-B associative bonds 

pa i er in the Choice condition, thus 

iji wee interference during the 

producing more In however, to 
A-C trial It is difficult, however, 

why this greater strength 

speculate as to why AB trib 

was not in evidence on the rials. 


SES ON THE A-C TRIALS 


ЕСТ RESPON: 
Meran N ums ni CHOICE AND Force GROUPS 
Trial 
Group а 5 6 1 > | ы = 
2 3 05 4.28 4.58 4.68 
- 3.55 3.72 i 4.30 4.50 4.78 
Choice um | 25 25 | Eee | see | e 
огсе 1.6, 2. жа 
s were Zero. 


Note,— The first trial was omit 


ted from the analysis as all score: 


1 One possibility is that the task was simply 
| too easy and, hence, insensitive to any 
beneficial results of choice which might 
‘have occurred. Although there was a 
tendency for the Choice group to show 
superior performance to that of the Force 
group on the А-В trials, this difference was 
‘not significant for either the high-meaning 
or low-meaning materials. However, the 
magnitude of the difference did appear 
larger for the materials which were more 
difficult to learn (i.e., low meaning). For 
the high-meaning materials, acquisition 
was very rapid, and both groups reached 
near perfect performance in relatively few 
trials. Hence, Exp. II was conducted in 
order to determine whether a more strin- 
gent set of conditions would allow the 
anticipated superiorit 
to become manifest. 


y of the Choice group 


EXPERIMENT II 


Several possible ways of incre 
difficulty were considered such 
ing the word list, decreasing the meaning- 
fulness of the list by including only low 
meaning materials, or incre: 


asing rate of 
presentation. The latter technique seemed 
to offer several advantages. First, insofar 


as stimulus materials are held constant 
across experiments, interpretation of results 
becomes somewhat clearer. That is, if the 
Materials were changed, it would be im- 
Possible to assess whether any observed 
differences between experiments were actu- 
ally due to increased difficulty or whether 
they were simply attributable to some 
peculiar aspects of the new lists. Second, 
increasing the rate allowed the mea 


asing task 
as lengthen- 


ningful- 

| ness variable to be preserved, Meaningful- 

ness is also a dimension of difficulty and its 
inclusion allows for the 


possibility of 
Thus, the presenta- 
was increased from 


inciv à assess- 
ing interaction effects. 


tion rate of material 
3.8 sec. to 2 sec. during both the A-B and 
the A-C trials. A 2-sec. presentation rate 
is also one which is more commonly em. 
ployed in PA learning Studies. 

. Method 


Subjects.—The Ss were 40 male and fema 
graduate students from the U ely gd D a 


niversity of Delaware 
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i icipation in the 
who were paid $1.50 for their participation in t 
experiment. 


The apparatus, ma- 
Apparatus and procedure.— The apparatu: F z 
terials, and general procedures were oig "o 
those employed in Exp. I, with the exception t ha ee 
stimulus slides and S-R pair slides were shown 
2 sec. 


Results and. Discussion 


As in the previous experiment, the 
ber of words correct per trial within each 
level of meaning served as the basic measure 
of performance. Thus, the highest peat 
obtained on a given trial was five at each 
level of meaning. . 

A one-between-variable and two-within- 
variable analysis of variance was applied 
to the A-B scores. As in the previous ext 
periment, the main effects for trials, I 
(9, 342) = 108.28, р < .001, and meaning 
F (1, 38) = 314.85, b < .001, reachec 
statistical significance (with mean number 
correct of 3.74 and 1.68 for the high- and 
low-meaning material, respectively). dn 
addition, the Groups X Meaning X Trials 
interaction, F (9, 342) = 4,34, р < .001, 
also attained significance. "The data under- 
lying this latter effect are shown in Fig. 15 

It can be seen th 


" " " 1 D 
at with high-meaning 
S-R pairs Choic 


€ group performed some- 
What better than the Force group on early 
trials while performance tended to equalize 
on the later trials, presumably due to ? 
ceiling effect. By contrast with low- 
meaning S-R pairs, the superiority of the 
Choice group over the Force group per 
sisted even with Practice. In contrast to 
Exp. I then, at a faster rate of presentation 
Ss who chose the materials to be remem” 
bered performed significantly better tha” 
Ss who did not exercise choice, Further 
with low-meaning materials the advantas® 
of having the Opportunity to exercise choice 
Appears even greater, In view of the find- 
ws of Postman (1968), this finding clearly 
warrants further Study, especially with @ 
longer, high-meaning list so that the ceiline 
effect does not become a consideration- "m 
Seal ауы ves ciment an j 

mn d ANS амазгреовмее iig 
iHa 2-10 of the AC list Aa in rn 
Previous analysis, Meaning reached signif 
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"EE 
o 
ш 
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TRIAL. NUMBER 


rrect responses on the A-B trials as a 


Fic. 1. Mean number of coi 
vel of meaning (Exp. II). 


function of groups and le 
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297.92, р < .001, with 


Cance F a 
, ‚ 38) = 
[ 3.58 for high- 


а 
f number correct 0 
ing mu stimuli and 1.66 for low-mean- 
Chee respectively. Similarly, trials 
be pn 7А (8, 304) = 129.02, 
Mance 4, simply indicating that perfor- 
‘rials "ipte with trials. Finally, the 
Signific; Meaning interaction also attained 
in om F (8, 304) = 5.27, р < .001, 
сеты that high-meaning stimuli were 
Stimuli at a faster rate than low-meaning 
grou i. In contrast to Exp- I, however, 
2 1р5 (mean number correct of 2.63 and 
Pies the Choice VS: Force $5, TE 
faileq pu and all interactions with goun 
confid reach significance at the .05 leve 
ence. 

n summary, then, the increase 
ae . introduced in 
к loice about differences in the 

3 versus Force Ss to learn 


in the rate 
Exp- 
ability of 

the initia 


deos and also tended to accentuate the 
lo rtance of the meaningfulness dimen- 
, however, no 


i rere In contrast to Exp. ! 

the д Сев between groups were noted on 

ч з җе trials. When evaluating A-C per- 

the ance following А-В learning, however, 
*vidence generally suggests that A- 


nance is dependent upon the number 


perforn 
of A-B trials (Hall, 1971, p. 475). In this 


, although the number of A-B 
dentical for both groups, per- 
formance on these trials for these groups 
was reliably different. Hence, it is difficult 
to directly evaluate the A-C performance 

ithout consideration of 


of these groups W. 
performance on the prior A-B list A 
difference score analysis (i.e, А-В minus 


A-C) suggested that having had the 
opportunity to choose materials tended to 
cause a greater disruption of performance 
than having learned materials not of one's 
however, there are also serious 
he use of difference scores in 
pe of analysis must 


experiment 
trials was i 


choosing ; 
objections to t 
this paradigm so this ty 
be treated with caution. 


EXPERIMENT Ш 


Are the differences in the learning and 
transfer noted in the above experiments due 
to associations which the Choice Ss have 
the opportunity to form during the choice 
dure or simply due to the fact that 
ad the opportunity to exercise choice 
Experiment III was designed to 


proce 
they h 
per se? 
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answer these questions by requiring Ss to 
select response words in the absence of 
stimulus words. 


Method. 


Subjects —The Ss were 40 male and female un- 
dergraduate students from the University of Dela- 
ware who were paid $1.50 for their participation. 

Apparatus and procedure.—The apparatus, ma- 
terials, and general procedure were identical to 
those employed in Exp. I, with the following ex- 
ceptions: (2) When the potential response words 
were shown to Ss, they were shown in the absence of 
the stimulus words. Thus, the Choice group selected 
their response words in the absence of the stimulus 
words, and the Force group was required to learn 
these selected materials. (b) As in Exp. П, the 
stimulus slide and S-R pair slides were shown for 
only 2 sec., rather than for 3.8 sec. 


Results and Discussion 


As in the previous experiments, the 
number of words correct per trial within 
each level of meaning served as the basic 
measure of performance on the A-B trials. 
А one-between-variable and two-within- 
variables analysis (Butler et al., 1969) was 
performed to determine if there were any 
differences in learning of the A-B list as a 
function of groups (Choice vs. Force). 
Trials and meaning were included as within 
variables. The first trial was excluded from 
the analysis as all scores were zero. 

Only the main effects for meaning, F 
(1, 38) = 203.13, b < .001 (with a mean 
number correct of 3.49 for the high-mean- 
ing stimuli vs. 1.46 for the low-meaning 
stimuli) and trials, F (8, 304) — 91.05, 
p < .001, and the Meaning X Trials inter- 
action, F (8, 304) — 6.77, р < :001, reached 
statistical significance. Asin the previous 
experiment, the data underlying this latter 
effect indicated that the high-meaning 
pairs were learned at a faster rate than the 
low-meaning pairs. 

In contrast to Exp. II, groups (a mean 
number correct of 2.58 for Choice Ss and 
2.38 for Force Ss) and all interactions 
with groups failed to reach statistical sig- 
nificance at the .05 level of confidence 
which suggests that the superiority of the 
Choice group over the Force group noted 
in Exp. II can be attributed to the fact 
that Ss had the pportunity to select rc. 


sponse words which they could easily asso- 
ciate with the stimulus words. 

As in the previous experiment, an anal- 
ysis of variance was performed on Trials 
2-10 of the A-C list. 
reached significance, F (1, 38) = i 
p < .001 (with a mean number correct О 
3.82 and 1.74 for high-meaning vs. low- 
meaning stimuli, respectively) as did trials, 
F (8, 304) = 117.30, p « .001, and the 
Trials X Meaning interaction, F (8, 304) 
= 7.96, p « .001. This latter effect again 
indicated that high-meaning stimuli were 
learned at a faster rate than low-meaning 
stimuli. Groups and all interactions with 
groups failed to reach significance at the 
-05 level of confidence. 

In summary, then, the failure to observe 
differences in performance as a function 0 
the Choice versus Force conditions during 
the A-B trials suggests that the superiority 
of the Choice group over the Force grouP 
noted in Exp. II can be attributed to us 
fact that Ss had the opportunity to selec’ 
response words which they could easily 
associate with stimulus words and not 
simply to having had the opportunity to 
exercise choice. Similarly, the failure t? 
observe differences in performance betwee” 
groups on the A-C trials suggests that the 
interference noted in Exp. I also seem? 
attributable to the opportunity to form 


о 
bonds of one's own choosing and not © 
choice per se. 


CONCLUSION 


In conclusion, then, the experiments a 
ported here have revealed several interes 
ing points. First, as demonstrated by Exp. 

I, Ss who have the opportunity to choos 
their own responses in an S-R paradig™ 


“cise 
may learn faster than Ss who do not exerci? 
choice. Ву contr 


that of Exp. I, 
meaningfulness 
of presentation) 


asting this result er 
however, it appears e 
and task difficulty (^ 
are both very import? 
Parameters. Further research will 28 3 
to be conducted to obtain a fuller арргёсе | 
Чоп of the phenomena. The theoreti 
reason for this effect is not now clear’ t 
evident, however; one possibility 18 be 
Ss who choose their response associates e 


be generally motivated by this procedure, 
With the result that performance is superior 
_ to that of Ss who have not been allowed to 
Choose. 
VORCHQ Exp. I suggests that 5s who have 
the opportunity to choose their re- 
Sponses in an S-R paradigm and are sub- 
Sequently forced to learn a competing set 
Я materials, show a greater disruption of 
earning of these new materials than Ss who 
4 not have the opportunity to choose. 
Bee resulta from Exp. II are less clear unless 
in € is willing to accept the dangers inherent 
interpretation of the difference scores- 
iti Sare motivated by the choice procedure, 
{ы that this increased motivation 
Be the acquisition of new competing 
h ' erials, either because the original A-B 
abits are stronger in the Choice group, OF 
ihe because the common force pro- 
wp (A-C) serves to differentially € 
Sul ? Ss who had previously chosen bu 
sequently are forced on А-С. 
a "inally, all of the above effects would 
Рреаг to be a function of the opportunity 
ch > to form S-R associations during the 
5 101се procedure. When this opportunity 
k moved, Choice Ss performed nearly 
бп сау to Force Ss. The loss of superi- 
In У on A.B by the Choice group 1" Бур, 
Suggests that in order for the presume 
iag Vational effect to occur, it is necessary 
act the Ss be permitted to choose : 
"al S-R units to be learned. Simply 
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choosing may not be sufficient for the 
operation of this suggested motivational 
mechanism. Obviously, this explanation 
and the burden placed upon an unspecified 
motivational system must be seen only as a 
tentative suggestion and one which must 
await further test. One such test which has 
been suggested is to measure response 
latency during ће А-В and A-C trials as a 
possible indicator of enhanced motivation. 
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à d SITION TIME 
EFFECTS OF REPEATED TESTS ON RECOGNITION T 
FOR INFORMATION IN LONG-TERM MEMORY 


IRA FISCHLER! axp JAMES Е. JUOLA 


Stanford University 


The Ss memorized a list of 24 words 


recognition time in a twi 
words. 


In a study of short-term recognition 
memory, Sternberg (1966) has shown that 
a serial search, or scan, of a target set of 
from one to six digits may take place when 
S decides whether or not a test dig 
member of the memorized 
ning process was inferred from the fact 
that for both positive and negative re- 
Sponses, latency was a linearl 
function of the numbe 

À serial search proc 
inadequate for most 1 
tasks in which the 
consist of hundreds 


it isa 
list. This scan- 


y increasing 
r of target-set digits. 
ess would seem to be 
ong-term recognition 
"memory set" might 


of items learned over 
a long period of time, An exhaustive serial 


Search of all possible storage locations 
prior to the recognition decision seems 
improbable due to the speed of such recog- 
nition. To investigate the search processes 
involved in long-term memory, Tuola, 
Fischler, Wood, and Atkinson (1971) 
employed the Sternberg (1966) paradigm 
in a long-term design. In this case, Ss were 
tested for recognition latency to words 
with half of the presented words taken roi 
a list which had been memorized the 
evening before the tes 


Ч t session. The 
memorized word list became the "target 
set" for the recognition task: tar. 


get words 


were to be judged as positive; any other 


words presented were “distractors” 
were to be called negative, 

In the Shepard апа” 
paradigm, S is shown 


and 


l'eghtsoonian (1961) 
a continuous Series 


1 Requests for reprints should be ser 
Fischler, Department of Psychology, 


nt to Tra 
versity, Stanford, California 94305. 


Stanford Uni- 


and were tested the following day for 
o-choice task for list (t: 
The effects of repeating targets and 
were measured. Repetitions produced shorte: 
target words but longer latencies and more erri 
were discussed in terms of a model in which .S ju 
word and on this basis decides whether to resp 
a search of the memorized list before responding. 


arget) and nonlist (distractor) 
distractors on response latency 
r latencies and fewer errors for 
ors for distractors. These findings 
dges the familiarity of the test 
ond immediately or to execute 


of items, and he is to recognize repeated 
items as old ones. In such a design a repeti- 
tion is by definition a positive item. Using 
this procedure with words as stimuli, 
Hintzman (1969) found recognition latency 
to decrease over two repetitions of an item 
Further, in all Cases, positive response 
latency was faster than negative latetizy. 

Using a discrete target list, Juola et a^ 
(1971) also found positive latency to de 
crease when a target word was repeatec- 
On initial presentations, however, mea? 
latency of responses to target words wa 
actually greater than response latency fof 


distractors. Since the use of a memorize 
list makes it possible to repeat distracto 
items 


as well as t 


also 
argets, Juola et al. als 
presented some o 


Í the distractor words 4 
Second and third time. This produce 
slightly longer latencies than those 107 
unrepeated distractors, but the effect Wa? 
Not significant, 

he present study w 
cally to examine the 
target and distractor 
target list was in long-term memory: Ks 
avoid confounding repetition effects wit? 
any decrease in mean latency which migh 
result from 


as designed speci. 
effects of repeati? 


1€ 
words when 0 


А . yas 
ivided i, Practice, the test session №28 
divided into four blocks of trials. One 
fourth of the t 


arget and distractor WoT" 


each of the four blocks’ 
arter we 


ainder appeared only ^ 
Within each block the 15 г. 

Sented in а random order 
hus mean response latency could be co? 
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Pared across presentation number within 
each block. 


METHOD 


veotljects.— lwenty right-handed Stanford Uni- 
ersity undergraduates served as Ss. 
Stimulus lists —Forty-cight one-syllable nouns 
ne a high natural frequency of occurrence (more 
Man 50 per million according to Thorndike and 
Pad were chosen as stimuli. Synonyms and 
Wer Phones were not used, nor were words that 
ere visually very similar (eg, LAMP and LUMP). 
Ord length varied from four to six letters. 
ieee this pool of 48 words, 24 were chosen ran- 
m Y to be a target list for a given S. The remain- 
ne 24 items served as distractor words for that S; 
B a second S, these distractors became the target 
Di 3 and vice versa. This allowed each word to ap- 
Pear equally often as a target and as a distractor. 
us drawing-and-matching procedure was repeated 
bee йоз, giving a total of 20 target lists with cor- 
SPonding distractor words. . 
a dPParatus.—Each of the 48 words was typed m 
де capital letters on a white 5 X 8 тіпа таса 
Se, пап IBM Executive typewriter. During the mi 
сыш each word was shown singly s ce 
Word Xtoscope and exposure box (Syr s Au 
lel 5 appeared in the lower center © tis ee 
thay and subtended a horizontal visual ang ne Lore 
ied 2°. Between stimulus exposures, the "ini 
f Was dark, except for a small circle of light 
аг its center. Display brightness rii a nid 
the г With the word appearing immediately below 
central еа. 
zn à table to the right of S, three telegraph kon 
“ arranged along an arc, with each key EI os 
the adjacent key(s) by about 3 cm. Qm 
Cente, comfortably rest his right forefinger Ой ct 
Naty T key between trials and could mal e i ym 
id movement to the left or right to strike sii 
omi, two response keys. For half of ther n 4 
ров, Chosen, the left key was pressed to sign Y : 


t i сеу di- 
cate tre recognition response; the right keJ s 
Condit the word was not on the target A E 


һе p 22S were reversed for the other Ss. Eis 
Play Y S in his left hand was used to m 
*Xposure, ы 

ү е 
the cvtedure.— Each S was contacted by Poet 
One o ing before theexperimental session 272 


s tol 
to (he target lists ize. They were to 
(a arget lists to memoriz ефе 


"ea read through the list repeatet iie eee 
Fag the words in their correct serial ОР" a 
I they had made 


Teadi a 2 
One ""ding and (b) to continue ипи ДАС. rra 
that fompletely correct recall. It was aint Tuc 
this "a an hour would probably be suffic 


al session, it was 
how rapidly 
зан i iven wor 
Wag „ Could decide whether or pa Сее ү 

vet list words 
Ура ‘nich his target list Wore 
heet of paper on which his tai ет eni 


cal to that used on the 5 X 8 in. index cards and in 
the same serial order as they had been read to S the 
previous evening. One-minute study sessions were 
then alternated with written serial/recall tests. All 
Ss satisfied the same criterion by correctly recalling 
their target lists on the first two test trials. 

The S was then seated comfortably in front of the 
tachistoscope and was told that on each trial (a) 
S would press a start button in his left hand; (b) 
1 sec. later, the display would be illuminated ог 
55 sec., lettering S see the word; (c) 5 would then. 
decide whether or not the word was in the list and 
press the appropriate key; and (d) E would record 
the response latency and change the stimulus cards, 
(with an ITI of about 10 sec) Nothing was said if 
S was correct, but he was informed of errors. 

After a reminder to respond as quickly but as ac- 
curately as possible, the testing began. There wasa 
total of 120 trials, half of them positive and half 
negative. The four blocks of trials were presented as 
a single continuous series. Six target words and six 
distractors were presented once in all four blocks; 
another six of each type were presented in the last 
three blocks; another six in the last two blocks; and 
the remaining six only in Block 4. Each block, 
then, repeated all the test items of the previous 
block, along with 12 new items appearing for the 
first time. This resulted in block sizes of 12, 24, 36, 
and 48 trials for Blocks 1—4, respectively. Order of 
presentation Was randomized within each block, 
and the ептеп of targets and distractors to 
presentation conditions was also randomized for 


cach 5. 


RESULTS 


The overall error rate was 4.0%. In 
the analysis of the latencies, the error 
scores Were omitted. For each group of 
six scores that an S produced on a presenta- 
tion number in à given block, a median 
score was obtained. A mean ipn "a: 
then obtained across Ss for eac b pu 
trial. These data are presente m he 

rtion of Fig. 1. For each block, 
par as a function of 


an latency is plotted 
resentation number for targets er 
distractors. In each block, po С y 
is greater than negative latency ior агре S 
and distractors presented for the first time. 
ec ‚ decreases with presen- 


t positive latency ¢ у à 
ub number, while negative latency 


tation 
increases. . 
Separate analyses of variance were 
3 ach of the curves in Fig. 1, 


performed for е 
using the media 
S-presentation 

term. The decrea 
presentation number Wi 


ns as single scores and the 
interaction as the error 
se in positive latency with 
as highly significant 
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8 
à 
ml 
R 
3 
N 
ы 


o 
1 


8 


RESPONSE LATENCY ( MSEC.) 


m 
o 


% ERRORS 

o б 
3 

а 


2 
8 
T—T T—T—T——L—À4 


BLOCK IT 


1 


E 


a 


Ha pt Н gi 


PRESENTATION NUMBER 


Fic. 1. Mean response latenc 
tion number for targe 


in all three blocks (2: F (1, 19) = 

3: F (2, 38) = 23. 54; 4: F (3, 57) 

all ps < .001). The increase in 

latency was significant in Blocks 

Q: F (1, 19) = 1258; р < 005; 3: F 
1.32, b « 005), but it was not 

so in Block 4 (F (3, 57) = 1.76, p > .10). 


In each of the three blocks, the effect of 


presentation number is somewhat sm 
for negative than positive latency. 
Wilcoxin signed-ranks 

Paring the first vs. 
presentations, 


63.59; 
= 20.79; 
negative 
2 and 3 


aller 

(A 
test was used, com- 
the mean of later 


for targets vs. distractors, 
The interaction was significan 


t in each 
block (2: Т = 55, < TE 7° = 39 


: T = 36, p < .005.) 
... In the lower portion of Fig. 1, th 
| frequencies are presented. The soli 
are errors to targets, the open о 
distractors. In each block, the er. 
quency mirrors the latency data 


words produce most errors on th 
presentation, 


, 


€ error 
d bars 
nes, to 
ror fre. 
1 target 
€ initia] 
while distractors produce 
most on later presentations. 

The effect of serial 
latency for tar. 
dividing each 
calculating 
trial in each 


position on response 
get items was examined by 
target list into quarters and 
a mean score for е; 


y and error freq 
ts and distracto; 


]uency as functions of presenta- 
rs, in each of four blocks. 


Discussion 


Repetition has a clearly differential ie 
response latency to target words as орроѕес " 
distractor words. An Sis faster at identifyir™ 
a target word, but tends to be slower in Me 
ing a distractor, if either had appeared Беш) 
Repetitions also produce fewer errors for t 
gets, but more errors for distractors. 

This type of repetition 


e studies (e.g, Bertelson, 196 


А 15 
In the latter, recognition latency to a stimul" 
was shorter if 


€ recogni 
In the other, 
a favored Position i 
term store (cf. At 


tion. 


kinson & Shiffrin, 190% 
however, are probably е 
long lags involved in 

present design, whe 


jon 
71) modified a signal-detectio! 
tion which had been present 
Parks (1966) and developed ch 
- The model assumes that 4. 5 
Presented word has associated with it a “Гап a 


ity” value that can be represented ett 
Point on a Continuous scale. The Juola et $^ 
(1971) model ; 


e 1 
15 presented. schematically 


ы” 


Fig. 2. In this version, if the familiarity value 
of an item falls above some criterion сн, 5 im- 
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(A) m— изт 
FAST "No" Yam RST “yes” 


mediately makes a positive response. Below a 
lower criterion cr, he makes a negative response. 

etween cr, and cy, 5 may retrieve portions of 
the target list and scan them in search of the 
test word; this extended search process delays 
the response decision, resulting in a longer 
latency. This model has been used to provide 
quantitative predictions for a variety of 
recognition experiments (see Atkinson & Juola, 
1971), 

The present results can be interpreted within 
the framework of this model as follows: There 
are assumed to be two density functions which 
reflect the probabilities of obtaining a particu- 
ar familiarity value when S is tested with a 
target or with a distractor word. At the start 
of the test session, the expected familiarity 
value for target words is greater than for dis- 
tractors (Fig. 2A); however, the mean of the 
target distribution is closer to the center of the 
Search region than that of the distractor dis- 
tribution, This means that more targets than 
distractors will have familiarity values falling 
In the search area between CL and сн. Positive 
or eng, then, would include a greater number 
Y trials on which a search of the memorized 
cni takes place, resulting in а higher meañ la- 
N Also, the number of target words with 
а familiarity falling in the "fast no 

Bion below cr, would be greater than the num- 
n distractors with familiarity in the fast 
E region above Сн. This would produce 

Ae errors to target words than to distractors. 
РЧ, he effect of a presentation чай Be beet 
Rx the expected familiarity for both ай es 
2B „а distractor word. This is shown i E 3 

in which the familiarity distributions Io 
iccviously presented target and — 
в are shifted upward. As distractors E 
-9me more familiar, they are more likely to 
deed between cr, and Сн. Since this means 
* extended search of memory takes place а 
ie number of trials, mean pepe 
tha to repeated distractors will T a 
Word latency to initially ane UR 
trac s. In addition, the upper tail d re 
regi tor distribution moves into the “tas tiam 
Tes 9n above cg, producing more false n 
foe bees. The opposite of these effects о € 

target items, as the target distri bu 


Sves сн. 
Wit es away from the area beteen CL rd ni 

h fewer test trials resulting in а search 0 
reduced. 


ar, : А 
ae list, mean positive latency 15 vie di 
Ors also decrease as the lower tail of the dis 


(8) 


FALSE 
NEGATIVES 


ET 


2. Distributions of subjective familiarity 
values for distractor words (left) and target words 
(right), on the familiarity continuum. (Figure 2A 
represents the relative locations of the distributions 
at the start of the session, whereas Fig. 2B shows 
the increase in the means of both distributions, 
after the presentation of a specific test word.) 


FALSE 
POSITIVES 


% 


Fic. 


tribution moves out of the “fast no” region 


below cr. 


There are several possible procedures that S 


could use in searching the target list. A self- 
terminating, serial search of the entire list 
might seem unlikely, since in both the present 

Juola et al. (1971) the serial 


study and in . ; 
Position curves were essentially flat. This lack 


of serial position effects could reflect either an 
exhaustive scan of the list or a self-terminating 
scan with a random starting point. If when- 
ever familiarity fell between с, and сн, 5 ѕсап- 
ned the entire target list before responding, E 
time taken for the search would be E Шү 
targets at the beginning and end o um Ü 
Alternatively, S may not begin his search 
the start of the list, but at a random point, re- 
trieving 2 portion of the list and sc it 
exhaustively + then this process 15 repeate if 
the test item is not found. Here again, targets 
at the beginning of the list would, on the 
average, have no advantage over those at the 


end. 

In each 
effect on neg 
tency. One exp 


block, test repetitions have a smaller 
ative latency than on positive la- 
lanation for this effect is that 
in accessing the stored information about a test 
word, 5 also sometimes retrieves the response 
that was made to that word on an earlier pres- 


Е 

| entation. If response memory can be used to 
make a rapid decision to output the same re- 
sponse made previously, then the effect of re- 
peated tests should be less for distractor words 
than for targets. This is true because both re- 


d familiarity 
ords would decrease 


For re- 
her familiarity value 
of a slower response 
the list search; how- 
ated if S can some- 
decision based on his 


ever, this effect is attenu 


times make a more rapid 


ust access further in- 
spond accurately. 
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ERFERENCE IN NAMING 


SEMANTIC GRADIENTS AND I 
D NUMEROSITY? 


COLOR, SPATIAL DIRECTIO? 
FOX, RONALD E. SHOR, лхо ROBERT J. STEINMAN °? 


LESLIE A. 


Using generalizations of the 
represented color, spatial directi 
charts differing in the semantic relatio 
aspects to the relevant pictorial 
112 Ss. Amounts of interference € 
to strength 0! 


xhibi 


gradient corresponding 
significant, and correlated уе! 
1964. For numerosity charts 
and were in directions according 
tion charts, directions of all signific 
gradient, but some nonsignifican 
Particular comparisons of interfe 
further support hypotheses 
semantic relationship ra 
response production rather th 


One of the most reliable psy chological 
Phenomena is that it is more difficult to 
Dame the colors of inks when the inks are 
a to print the names of different colors 
with when the inks are used in connection 

dn 3 nonmeaningful material. For ex- 
"ple, naming the color of red ink used to 

| АШ the word BLUE is more difficult than 
Solon the color of a red patch. This 

stu eps interference effect was first 
idied by Stroop (1935). 
interference be- 
orial represen- 
jeen found to 


оуд паїовоца effects of | 
lation pictorial and nonpict 
ме 7 of concepts have 

Cur in concept domains © 
"indes (1968) found that t 
Ee the numerosities O s 
Si Ips of one, two, or three symbols » a 
jSnificantly longer when the symbols were 
E numerals 1, 2, or 3 than when the 
Ymbols were plus signs. Morton (1969) 
put essentially the same баіо 
wg when Ss were required to sort can * 
ace bins labeled with Arabic numerals 

Cording to numerosities of stimuli on the 
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f semantic relationship, all differen 
ry highly w 
‚ all differences 1 
with a s 
ant differences corresponded to a semantic 
t differences were not in expec 
rence exhibited on certain numerosity charts 
s that the interfe 
ther than of frequency ol 
an in stimulus reception. 


University of New Hampshire 


Stroop test, interference in naming pictorially 
on, and numerosity was measured for st imulus 


n of irrelevant nonpictorial stimulus 


aspects in a repeated-measures design with 


ted with the color charts followed a 
s being 
ith results obtained by G. S. Klein in 
n interference were sign & 
mantic gradient. For spatial direc- 


ted directions. 


rence is a function primarily of 
f usage and that it occurs in 


Morton used the numerosities one 
and used the number names 
as well as the Arabic 


cards. 
through six 
oxE through SIX 


numerals 1 through 6 as incongruent 
stimulus aspects. In addition, Morton dis- 
covered that an analogous interference 


effect occurs in the domain of spatial posi- 
tion in that the time taken to sort a set of 
cards according to stimulus positions was 
significantly longer when the stimuli were 
the position names RIGHT, LEFT, and 
CENTER appearing in incongruent positions 
than when the stimuli were groups of plus 
signs. Shor (1970, 1971) has found that 
interference occurs in a large number. of 
concept domains, including naming the 
numerosities one through six when stimuli 
are presented in standard die-face patterns 
and naming the spatial directions up, down, 
right, and left when the pictorial repre- 
sentation consists of "minimal" arrows 
(rectangles with single pointed ends) and 
the conflicting representatio 


nonpictorial 
consists of the direction names UP, DOWN) 
RIGHT, and LEFT. 


Klein (1964) conducted a study which 
has shed additional light on the nature of 
the interference found in the Stroop-type 
ning task. The results of Klein’s 
st that the degree of interfer- 
y irrelevant nonpictorial in- 
a gradient that is a 


color-nan 
study suggest 
ence caused b 
formation follows 


a 


_ common words (PUT, HEART, TAKE 


е 
о 


function of the strength of the semantic 
relation between the irrelevant information 
and the names of the colors. Klein used 
seven lists of stimuli which, by intuitive 
considerations, differed in strength of this 
semantic relationship. The nonpictorial 
stimulus aspects of the seven lists were: 
(a) names of the colors appearing pictorially 
(RED, GREEN, YELLOW, BLUE) but printed 


in incongruent colors; (b) names of colors 


not appearing pictoriall 
GREY, BLACK); (c) color 
(LEMON, GRass, FIRE, 

incongruent colors; (d) п 


y (TAN, PURPLE, 
-associated words 
SKY) printed in 
oncolor-associated 
Z, FRIEND); 
(е) rare words (SOL, HELOT, EFT, ABJURE); 
(f) nonsense syllables (nyu, EVGJC, BHDR, 
GSXRQ); and (g) groups of asterisks. In a 
between-Ss design, Klein found that inter- 
ference caused by the lists, using total 
response time as the basic dependent 
measure, decreased in the order given 
above with differences between adjacent 
Lists a and b, d and е, and f and £ being 
significant (р < .05). 
The semantic g 


radient interpretation of 
interference in 


a Stroop-type task, i.e., 
that degree of interference is a positive 


function of Semantic relatedness, received 
further Support in subsequent studies. 
Bakan and Alperson (1967) showed that 
the interference is not a function of pro- 
nounceability of the irrelevant nonpictorial 
aspects of the stimuli. Bakan and Alperson 
Sed five sets of four trigrams each, the 
ets differing in pronounceability, Of the 


five sets, one consisted of nonsense tri. 
grams matched for mean 


with another set consisti 
words; the word set ca 
more interference than 

trigram set. Scl 


1 did the nonsense 
heibe, Shaver, and Carrier 
(1967) used an objective method for a 


Sessing semantic relatedness prior to ob: 
taining color-naming data. They used five 
sets of five words each, the irrelevant non- 
pictorial stimulus aspects for the five Sets 
being: (a) names of the common colors 
appearing (PURPLE, BROWN, BLUE, GRE 
RED) but printed 


i in incongruent colors; 
| (b) associated uncommon color names 
Bou TAN, Navy, EMERALD, SCARLET) 
| 


| 
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printed in incongruent associated bw. 
(c) names of uniformly colored aw 
or substances (GRAPE, CHOCOLATE, 
GRASS, BLOOD) printed in Apre. 
colors; (d) names of ambiguously i» v 
objects or substances (PAINT, PEN ү 
CARPET, COLOR, CAR); and (e) names К 
abstractions or nonreferential parts M 
Speech (REFER, IDEAL, AND, rip in 
REASON). The latter four sets, printe i 
black ink, were presented in a w 9 ^ 
association task, and for each set th 

relative frequency of the color names у 
Set а as associates was taken as the Черге 

of semantic relatedness of that set. Sets is 
and c did not differ appreciably on thi 

measure, and in a subsequent color-naming 
task with different Ss, these sets did — 
differ significantly in amount m intoa 
ference; similarly, Sets d and е did aa 
differ appreciably on the color-associatió" 
measure and did not differ significantly 1 

amount of interference with color пай! 
Since the basic interference effect gocuk 

the domains of numerosity and spatia 
position and direction as well as of pu 
it is natural to ask whether the semant! 

gradient effect found in the domain be 

Color occurs with numerosity and spati 
position and direction also, Morton (1969) 
obtained some evidence that indicates thios 
the semantic gradient effect occurs in th 

domain of numerosity. In a number 9 

independent Studies involving card sorting 
according to numerosity of stimuli, Моге, 
Obtained results Which, taken together? 


E 
numerals СО 


in 


ruent numerosities, 

Arabic numerals, se 
nonsense symbols rs 
ence that decrease in E a 
another study, More 
ound that common words (WHITE, poe 


EASY, FULL, HIS, BIG) caused more inu. 
ference than did Corresponding num p 
names (ONE through SIX), but it should 7 
noted that the task involved sorting са" 
into bins labeled With Arabic numera г) 
The present Study is an attempt. 
determine Whether the semantic gradie? 


о 
"i rS in the concept d 


In 


interference occu 


ай 
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mains of spatial direction and numerosity, 
using stimuli designed to be as nearly 
analogous as possible to the stimuli used 
by Klein (1964) and to confirm the exist- 
ence of the effect in the domain of color. 
Although Morton (1969) has provided 
evidence relevant to numerosity, it in- 
Volves a sorting task rather than a naming 
task and is somewhat fragmented in nature. 
The present study used a naming task and 
Presented Roman numerals as nonpictorial 
representations of numerosity in addition 
to number names and Arabic numerals. 


METHOD 
Subjects 


enrolled in introductory 
of New Hamp- 
;chological 


The Ss were 112 students 
Psychology classes at the University 
Shire, in which participation as Ss in psy 
*Xperiments was required of all students. 


Apparatus 


i 2 
All stimulus charts were constructed on d 
80 5.88 cm. white posterboard. Each chart m 

? stimuli arranged in 10 rows of 8 stimuli each 


With columns and rows on 6.35-cm. centers. A 
letters and numerals were printed with rubber 
amps having a 3.175-mm. sanserif typeface; all 
ters were capitals. All charts were displayed ont 
ace inclined 20° from vertical, placed on а tal 98 
uee ard height. A Hunter Model 120A timer wa 

Sed in timing Ss’ performance. | 
Color charts-—On all charts used in the color 


meen of the experiment, imuli consisted о 
ы groups of letters printed in black, blue, 
li in each color on 


Teen 5 i sti 

ı and red ink, with 20 stimu ; 

Cac 

ach chart, The words or letter groups appar 
€ seven charts were as follows: (A) same cole 


i E inted in 
joies (BLACK, BLUE, GREEN, RED) printe: 


congruent colors, (B) different ne mame 
Step? WHITE, BROWN, yeLLOW), (C) en 
A Nouns (COAL, SKY, GRASS, BLOOD), ( Aem 
eus (HOUSE, FOOT, CHAIR, Hat), (E) ra e бит 
ны NEWT, FLUME, CUD), (F) consonant greed 
Bron? TKKT, JRKBM, HVL), and (G) undifferen ti a 
les PS of letter os (0000). Ink colors at ud ne 
Certa groups were randomly ordered € сере 20 
i Ain restrictions. Stimuli were organum, en 
With S of 4 stimuli cach in standard rea ep am 
Of 1 each block constituting а random рег! e 
€ colors and of the words or letter m s 
Pt on Chart G) with the restriction u по 
Stee, and no word or letter group set toot at 
inon an and, on Chart A, with the res Enim 
D, p8ruity. All words or letter groups On vm 
Cha › and F were pair-wise matched with pr de 
ТЄ A for number of letters. All words on Chart 
' C, and D were classified AA in frequency 


oo 
Colo, 


usage by Thorndike and Lorge's The Teachers 
Word Book of 30,000 Words, and all words on Chart 
E were classified as occurring at least once and less 
than twice per million words by Thorndike and 
Lorge. The groups of consonants on Chart F were 
chosen randomly. 

Direction charts.—Stimuli on the charts used in — 
the direction portion of the experiment were 
5.08 X 5.08 cm. squares drawn in black ink, each 
containing a word or group of letters printed in 
black ink near the top, bottom, right, or left of the 
square, with 20 squares containing words or letter 
groups in each of the four positions. The words or 
letter groups appearing on the seven charts were 
the following: (A) same direction names (UP, 
DOWN, RIGHT, FT) appearing in incongruent 
positions, (B) different direction names (NORTH, 
SOUTH, EAST, WEST), (C) direction-associated verbs 
(LIFT, DROP, TURN, FLOW), (D) common words 
(IT, GRAY, HEART, nook), (E) rare words (Pr, 
DIRK, STOAT, TARN), (F) consonant groups (B, 
FWXD, TRTDR, RDLN), and (G) undifferentiated 
groups of four letter Os each. Positions within the 
squares and words or letter groups were randomly. 
ordered in a manner similar to that for colors and 
words or letter groups on the color charts. All 
words or letter groups on Charts D, E, and F were 
pair-wise matched with words on Chart A for num- 
ber of letters. ‘All words on Charts A, B, C, and D 
were classified AA in frequency of usage by Thorn- 
dike and Lorge. DIRK, STOAT, and TARN occur at 
least once and less than twice per million words, 
while PI occurs six times per 18 million words, ac- 
cording to Thorndike and Lorge. The groups of 
consonants on Chart F were chosen randomly. i 

Numerosity charts.—Stimuli on the charts used in 
the numerosity portion of the experiment were 
5.08 X 5.08 cm. squares drawn in black ink, each 
containing one to Six identical symbols or words 
arranged in à standard die-face pattern. The 
symbols or words used on the eight charts were as 
follows: (A) same number names se through 
SIX) appearing in incongruent numerosities, (B) 
same Arabic numerals (1 through 6) арреш їп 
incongruent numerosities, (C) same oma) Md 
merals (I through уп) appearing 1n ‘псов 
numerosities, (D) different Arabic E. | 
through 12), (E) common words ар va as (С) 
ТАКЕ, BLUE, CRY), (F) letters (А mer БОВ 
abstract symbols, and (0) v e H má mm 

pi ircles on Cha e 
on en Senis kie in black ink using templates; 
HP rugis used on Chart G аге shown In Fig. is 

3 anized in 10 blocks 


с 1 i ге! rg: 

a arts, stimuli were О 1 in 10 blocs 

ч i Loi each and 1 block of two stimuli in 
six 


i Each block of six con- 
anda reading order. Ё i n 
; own complete random permutation of the six 


nab oa © & 


Fie. 1. Abstract symbols used on 
Numerosity Chart G. 


LENT 


. numerosities and of the symbols or words (except on 

Chart H) with the restriction that no numerosity 
and no symbol or word appear twice in succession 
and, on Charts A, B, and C, with the restriction of 
incongruity. The last block of two stimuli con- 
stituted a random sample without replacement, 
Words on Chart E were pair-wise matched with 
words on Chart A for number of letters. All words 
on Charts A and E were classified 
of usage by Thorndike and Lorge. 


AA in frequency 
Design and Procedure 


completely counterbalanced. Presentation order of 
the charts in each set was 


of balanced Latin squares. 

Each S was seated initially 
em. from the rack holding the ch. 
vision test used a chart made of 
White posterboard on which appeared four words, 
printed in black ink, and four groups of letter os 
printed in the four colored inks used on the experi- 
mental charts; all letters wer. 


€ of the same typeface 
that was used on the experimental charts. The 5 


was instructed to read aloud the four words and to 
name the four ink colors; all Ss were able 
The S was then allowed to 
chair if he desired. 

Before each ch 
structed in th 
- 35.56 X 27.94 
. Which appe 


Mi Order of presentation of the three chart sets was 
| determined by means 
4 

approximately 90 


arts. A preliminary 
71.12 X 55.88 cm. 


to comply. 
adjust the position of the 


art set was presented, S w 
€ task for that set and w 

em. white posterboard 
‘ared a sample stimulus from ea 
he set. The S was instructed to 
t as rapidly as possible, 
rs and not to correct errors. 
charts, S was instructed to ignore 
letter groups as such and to name 
of each stimulus in sta 
the direction ch 
Words or letter groups 


position of the word or 3 


as in- 
as shown a 
chart on 
ich of the 
complete 
trying not to 
- For the color 
the words or 
the ink color 


} charts in t 
{ еасһ сһаг 


are in standard reading order, 
ad away from the charts 


and, after p; 


ado ” 5 
announced "ready, nuch time a 


he desired to prepare 
forward and begi 


о > Next chart, 
For each chart, E recorded the time taken and 
| errors committed 


RESULTS 

The means and st: 
all of the charts used 
for time data 
As mig 


andard 
are sh 
and in T 
ht be expectei 
4 and frequency d 


deviations for 
own in Table 1 
able 2 for error data, 
d with elasped time 
at; б E S 4 
ata, there are Strong posi. 
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TABLE 1 


Cuartr ME 
DEVIATION 


AND STANDARD 
R Time DATA 


Color Direction | Numerosity 
Chart =e s 
LE | „ | 3 
77.27 10.707 | 51.399 
à | 65:136 10.097 49.690 
1 -145 9.713 | 4 
| Ss 9.971 | 43,085 
Е 9212 | 42.395 
А i o | 41.19 
Е 50.184 9.009 1 1 
i 0.115 | 36.84 
ETT 35,427 


Note.—Data recorded in seconds. 


tive relationships between the means an 
the variances, indicating heterogene! 4 
of variance. Following accepted practic 

(Winer, 1962), the time data were subject? 
to a logarithmic transformation, and M 
error data were subjected to a square-ro " 
transformation. In analyses of the ier 4 
formed data, it was found that frequen e 
of errors was a less sensitive measure ue 
elapsed time was, for there were many ien к 
significant differences between error mea! 


А ans. 
than there were between time wm 
Wherever. significant differences betw 
error 


means occurred, there were бо 
responding significant differences pat 
time means, and wherever differences zi 
tween error means and differences betwee 
time means were in opposite directions; Et 
differences between error means were E 
Significant (p > +05). Therefore, the a? 
data were not taken into consideration 
the conclusions reached, fter 

Analysis of variance of the time data а 
the logarithmic transformation showe 


TABLE 2 


MEANS AND Sr 
FOR Error Da 


x TIONS 
Cnart ANDARD DEVIATION 
А (FREQUENCIES) 


a 

3! = 
Color Direction Numeros 

Chart а n ==" 
& 5 

X E x 

—— | # | а E 99 
A | 3.64 | 3.89 | 191 2.15 | 1.66 | 155 
B | 2.20 |256 | 19 177 | 1.53 | Ti 
С | 138 | Ter | 154 198 | .85 | 142 
D |ri | 149 1.35 | 175 | .67 | 179 
т | ES | tip | gee uw 75 
ў о | ade | toy | 975 | 0 52 
G [126 | 125 162 | 226 | 22 | 32 
a6 [ve 
-—À _ m— 


SEM 


differential effects of charts to be significant 
for the color charts, 2 (6, 666) = 633.43, 
the direction charts, / (6, 666) = 148.21, 
and the numerosity charts, / (7, 777) 
= 406.03, all ps < .001. The Newman- 
Keuls method (Winer, 1962) was used in 
Ё занар], tests of mean differences of 
©) times. The order of mean times of the 
Ed: charts corresponds with the semantic 
оа tem (i.e, A through G in decreasing 
ime all differences between means are 
sein (p < 01). The order of mean 
A B of direction charts, largest first, is 
Dos D, C, F, E, and G. All differences be- 
( еп nonadjacent means аге significant 
e .01). Significance levels for differences 

Ween adjacent means are as follow 
n ss B, р < .01; B versus D, Р « .05; 
~ Versus C, p > .05; C versus F, p < 01; 
the es E, p > .05; E versus G, p< 05. 
E order of mean times of numerosity 
mph 5 A through H in decreasing order; 

differences between means are significant 
(b < 01). 


< 


DISCUSSION 
clearly 


The eff — 
he effects of the color charts Were 
4) and 


in; 
wear with those found by Klein (196 Aya 
inte, Consistent with the semantic we 
суст etation of interference effects. + fin. 
result the chance probabilities of the Loe 
as а S are lower than those of Klein s, pr? зар y 
‹ result of substantially larger sample si 
the inherently greater power of the re- 
3ted-measures design. 
design the color portion of the ete 
reped to be a relatively straight orward 
‘ication of Klein's (1964) study, a com 
aring on the re- 
amination. 
edure 


Ре, 
experiment was 


UC К 
lia ba of results clearly has be 
H А of the phenomenon under ex 
any Ver, important differences 1 proc 


e Stimuli should first be noted. | us 
in)!" timed performance on 80 stimuli, while 
was timed 


ле à Ms 

9n present study performance © 
nly the last 72 stimuli; hence, adjustment 

| E mean times reported here by multip y- 
ОУ 80/72 is necessary for comparability. 

; resented 


Ltg 
on is necess Жыл, 
vi d, all Ss in Klein's study were P 


h udy | ї 
эде only three pages of stimuli, always !n the 
of color names 


and experi- 
e (corre- 
ceded by 
page 


Warm-up (consisting 
іп black), colors-alone, 
Thus, his colors-alone pag 


to Chart G) was never pre 
stimulus 


ita 
On, * 
Sr ding 


xpe 
Perimental page, and no 
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was preceded by more than two other pages. 
By contrast, in the present study each color 
chart was presented in balanced order with 21 
other charts, so that each color chart was pre- 
ceded by 10.5 other charts on the average. 
On the b of this second consideration, one 
would predict some general systematic differ- 
ence in results due to either practice or fatigue 
effects, especially between Color Chart G and 
Klein's colors-alone page, although on this pair 
the effect is confounded with another factor 
explained below. It follows from these first 
two points that evidence regarding the reli- 
ability of the phenomenon and the nature of 
order effects would be brought out more clearly 
by regression of Klein's means on the means 
from the present study adjusted as mentioned 
above. Regression on the adjusted means 
would yield evidence bearing exclusively on 
reliability and order effects, for adjustment 
would compensate mathematically for the 
clearly. yecifiable effects of the difference in 
number of stimuli over which performance was 
timed. The resulting additive constant of the 
regression analy: would indicate only the 
nature and magnitude of order effects, for it 
would not be influenced by the difference in 
number of stimuli. Degree of proximity to 
unity of the resulting regression coefficient 
would indicate the reliability of the phenom- 
enon independent of effects of systematic dif- 
ferences in procedure. Third, two of the four 
words on Klein's distant color-words page, 
PURPLE and TAN, occur less frequently in 
normal usage than do the words on correspond- 
ing Color Chart B according to Thorndike and 
Lorge. The mean times for Chart D (com- 
mon words) and Chart E (rare words) demon- 
strate that when color relatedness is held 
constant, interference with color naming is a 
positive function of frequency of usage. It fol- 
lows that the mean for Klein's distant color- 


es page should be appreciably less than 
stimate based on the ad- 
Fourth, stimuli on 


nam 
the linear regression e 
justed mean for Chart В. l 1 
Klein's colors-alone page consisted of rows of 
asterisks, while stimuli on corresponding Chart 
G consisted of groups of four Os. Although one 
might predict greater interference on Chart G 
than on the colors-alone page because a group 
of four 0s seems to have greater semantic con- 
of asterisks does, this factor 1s 
a possible practice or fatigue 
ed in the second point above. 
s from Klein's (1964) study 
cond column of Table 3, and 
for the corresponding 


tent than a row 
confounded with 
effect mention 

The mean time 
are shown in the se 
the adjusted mean times 
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TABLE 3 


COMPARISON ОЕ KLEIN'S (1964) № 
CORRESPONDING COLOR CHARTS 


N TIMES WITH ADJUSTED MEAN TIMES OF 
AND LINEAR REGRESSION EstTIM: 


ES 


Klein (1964) 


Estimatesa Corresponding chart 
yd 
Stimulus page X: заа Letter Adjusted Х 
timulus pag, разѕіѕе 
| 5.86 
m | 81.07 A 8 
Color-names close 77.54 Я 76.88 
Color-names distant 68.79 7148 B 66.82 
Color-related meanings 58.99 60.73 D 61.81 
Common words 34.10 55.38 58.27 
Rare words 50.65 51.60 E 55.76 
Nonsense syllables 48.20 48.92 53.11 
Colors alone 45.62 46.09 G 
estimates are recorded in seconds. 


ssion of Klein's means on a 
d from all s 

from all pairs of me: 
Mean for corresponding chart adjusted for compara! 
* Averaged over six independent groups of 15 Ss each. 


charts of the present study are shown in the 
last column. For all seven pairs of means, the 
correlation is -961, the regression coefficient is 
-975, and the additive constant is —6.147; the 
resulting regression estimates of Klein's means 
are shown in the third column of Table 3. By 
the arguments above, the pair for Klein's dis. 
tant color-names page and Chart B and the 
pair for Klein's colors-alone page and Chart G 
are less comparable than the remaining five 
Pairs are, so the analysis was also performed 
for only these fivi i 


Shown in the four 


Table 3. By 
either set of valu 


es, it 


S Page caused less 
Chart B did because of the 


frequency of usage of PURPLE 


direction chart. 
with predictio 


ent hypothesi 
Ccurred w 


5 Were not 
ns based on 
$, but the 
ere not clear-cut, 


djusted means for corr 
п pairs of means, 


ans except th 
bility by 


esponding color charts. 


hose for Charts B and С. 
multiplying by 80/72. 


b. 
The order of mean times of the charts pe 
sponded with the order that would be exp nes? 
according to the semantic gradient hypo ion: 
except for the reversal of Charts C ae and 
associated verbs) and D (common хоз с 
the reversal of Charts E (rare words) I ^ 
(consonant groups). Differences Невис 
jacent means that did follow the expected 


fons 5 he diffen 
Were significant (p < .05), whereas t nd 
ences betw. 


d a 
een means for Charts C an 05) 
for E and F were not significant (P7 fof 
The nonsignific. 


ant reversal of the menn 
Charts C and р might be the result of P ег 
herent ambiguity or symmetry on the late. 
direction axis, 


T i 
Gravity sensors provide ап nd 
herent basis for distinguishing between UP dis 
down, but not analogous exists wo Ü 
i right and left; E ak 
emarks about their syn 
ight from left. T ck 
xis is reflected in the: al 
mbigously associate n 
the same way that p th? 
D are associated ctv | 
еп, and red, respect’. pe 
age semantic distance ods of 
Words on Direction Chart C from the wor ply 
may be 


in 


u б 
erference than а ме, 
arts C and D. If E 
the means for Dir ri 
because of sampling 


Would be less unlikely. It follows from this 
line of argument, also, that results more clearly 
in accord with the semantic gradient hypothe- 
515 would result if the experiment were repeated 
With directions restricted to up and down, with 
different-direction names consisting of RIGHT 
and LEFT, with direction-associated verbs re- 
Stricted to LIFT and DROP, and so on. 

The effects of the numerosity charts were 
entirely in accord with the semantic gradient 
lypothesis, and three points should be con- 
Sidered in particular. First, Chart A (same 
number names) caused significantly more 1n- 
terference than did Chart E (common words), 
Which directly contradicts part of Morton’s 
(1969) results despite the difference in tasks 
but is based on a substantially greater sample 
Size. Second, a comparison of the amounts of 
interference caused by Charts D (different 

rabic numerals) and C (same Roman numer- 
als) is especially important, for an explanation 
based solely on frequency of usage would pre- 
ict that D would cause more interference than 

Would, while an explanation taking semantic 
Content as the primary factor would predict the 
®Pposite ; in fact, the results followed the latter 
Prediction, Third, а comparison 0 the 
amounts of interference caused by Charts B 
Same Arabic numerals) and À has a ie 
garding the locus of the interference. The 
Boe that conflicting nonpictorial representa- 

ons of a linguistic nature (Chart A) cause 
me interference than did those of a um 

Suistic nature (Chart В) lends support t 
Cories holding that the interference occurs in 
the Production of the response rather M n 
numo o cPtion of the stimulus. In 3 Suis] 
вуш 18] information conveyed, ib al 
ent ols 1 and охе, for example, ar ied with 
thie. but оҳе is more closely associate 
1е spoken re “one,” and with all other 
Spok sponse опе, Hence; tien 
5 5 °п number names, than tis. Н bp 

р attempti numerosities, tWO ` $ 
Conta; pting to name ical id 
(tain the same amount of MUMS S ari 
°rmati torial 
inp tation as two ones do, but the nonpic 
th 9rmation of the two ОХЕЅ vill interfere more 
лап ; f trans- 
lac? that of two 1's in the process ol : 
spars the pictorial information into the correc 
Poken УІ 
п .le8ponse "two. А | 
th раш, the experiment өр Е 
1964 € interference gradient fofi om ШЕ 

езе; yee the concept domain of colo d. that 
ang ely high reliability and. second, t 
do, 8°US interference gradients occur in ү 
Fu ins of spatial direction and koe ame adi 

€rmore, results in the nume or 


owed, first, 
y Klein 


rosity P 
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of the experiment provided strong evidence in 
support of the semantic gradient hypothesis 
that the interference is a function of semantic 
relatedness. Comparison of the degrees of in- 
terference caused by different Arabic numerals 
and by same Roman numerals strongly indi- 
cates that the interference is a function pri- 
marily of the semantic content of the nonpic- 
torial information rather than of frequency of 
usage. In addition, comparison of amounts of 
interference caused by same Arabic numerals 
and by same number names suggests that the 
interference is also a function of the relation- 
ship of the nonpictorial stimulus aspect code 
to the response code and, hence, that it occurs 
in the production of the response rather than 
in the reception of the stimulus. Results of 
the direction portion of the experiment were 
less clear-cut, although all significant differ- 
ences were in accord with semantic gradient 
expectations. One of the contradictory, non- 
significant differences may have been the re- 
sult of the lack of a fundamental distinction 
between right and left analogous to that be- 


tween up and down. 
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The Ss were shown 10 lists of words 
immediate free recall test or was not 
free recall test on the words from all 
recognition test. Initial testing f. 
all serial positions but had no over; 
positive recency occurred on final 
tested lists whether the test w. 
presented on lists prior to imme 
mediate recall for the tested 1 
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quency of these prior list intrusion 
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, and each list was either followed by an 
tested. The Ss then received either a final 
10 lists or a three-alternative forced-choice 
acilitated retrieval on the final recall test for 

all effect on recognition performance. Non- 
testing of items from both tested and non- 
as recall or recognition. A number of words 

ately tested lists were incorrectly included in im- 
These prior list intrusions were largely items 

hich received no immediate test. The fre- 
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an increasing function of output 
an indication that items from final 
he final test than those from inter- 
at prior testing increases 


ist 
(1970) would be obtained if word b. 
received no immediate test. Craik, ar on 
ner, and Watkins (1970) conditionalize¢ A 
immediate recall or nonrecall of items + cê! 
examining final recognition performan |) 
but because of possible selection artifact 
it is more desirable to manipulate m 
tested versus nontested factor explicit: 
This manipulation was performed , ебе 
Madigan and McCabe (1971), but a раї di 
associate (PA) probe paradigm was us of 
They obtained a negative recency eneo 
a final recall test for pairs which rec i, 
no immediate test as well as for t”? 
Which did receive a test. 

In addition, there are indication 
Performance on a final recognition a 
differs markedly from performance °; д 
final recall test. Cohen (1970) present. j- 


inal recall test followed by a final recon Í 
tion test to Ss who had seen a Ser 
immediately 


tested word lists. 
Showed that the curve for final recog: of 
Performance as a function of serial perro! 
of initial Presentation differs in shape et 
the serial "Put position curve for vef 
formance on a final recall test, Howe Hu 
the positive Tecency effect which 

Ж. D 
ог final recognition testing 


not confirmed by Rundus, Loftus: Р 
Atkinson (1970). Rundus et al. present 


t 
tha 
5 est 


itio 


FINAL RECALL AND RECOGNITION AFTER FREE RECALL 67 


3-wk. delayed recognition test on words 
5 had seen in a series of lists which had 
received immediate free recall tests. Run- 
dus et al. found that the serial position 
curve for the probability of delayed 
recognition showed a negative recency 
effect. McCabe and Madigan (1971) also 
Obtained a negative recency effect for 
both stimulus and response recognition on 
à final test of PA pairs. 

Combining in a single free recall study 
the immediate recall variable with the 
gu of final test should clarify whether 
and R are differences between final recall 

nal recognition tests with regard to 
Negative recency. If there are such dif- 
пев, such a study would show whether 
i e differences are present for words from 
mtially nontested lists as well as for words 
DER initially tested lists. Also, any pos- 
pties that one type of final test wil 
га performance on the other, a Б 
а could be present 1n Cohen's (197 
dy, would be eliminated. | 

n the present study, Ss studied a series 
om 20-word lists, half of which were 
pe by an immediate free recall w 
› half by a period of counting forwar 
Y threes, After the tenth list had been 
tpesented and either an immediate test on 

at list had been administered or a perio 
the list presentation 
half of the Ss re- 
and half re- 


Соп following 
еп concluded, 
Ceiveq a final free recall test 

a final recognition test. 


F METHOD 
tach eight Stanford Univers ts were 
D Paid $2.00 to serve as 55- I 
lis s half were males. Each S was shown 1 
oeg, 2f 20 unrelated nouns with frequency 
million (from 7ле 


а, f (i ге 
& cher's Word Book of 30,000 Words by Thorndike 


ity studen 
Half were females 
1 different 
ies ol 


list with the 

i h : e 
of the words in the same order for all Ss. The order 
Cac following 10 lists and the ore 
[ S. Words were pre- 


d being sh 


gn at were random for each 
ae тү он cards, cach son 
s rehearsal process 
ki using the procedure d 
ree list ОА (1970). The 5 was ins 
Shears: PY spending the 5-sec- presentatior 
Present E aloud any words he had seen | 24 
list, including the currently preser 


word. This overt rehearsal was tape recorded. The 
overt rehearsal procedure was used in order to make 
the present study as comparable as possible to that 
of Rundus et al. (1970). The overt rehearsal data 
were not analyzed and will receive no further con- 
sideration in this paper. 

Immediately after presentation of each list, S 
was either tested on the list or counted forward by 
threes for a short period of time. The S did not 
know whether a list would receive a test or not until 
after the last word of the list had been studied. The 
test was a written free recall test for which S re- 
ceived as much time as he needed to write the 
recalled words. The Ss usually completed the free 
recall tests in approximately 2 min. For untested 
li Ss counted for a length of time equal to the 
time they had taken to complete the free recall test 
on the most recent tested list. If S had received no 
free recall tests on earlier lists, he counted for 2 min. 
Whether a list would be tested or untested was 
determined randomly with the constraints that (a) 
no more than three tested or nontested lists could 
occur consecutively and (b) of the 10 lists, 5 were 
tested and 5 were not. 

Subsequent to the test or the period of counting 
the last list, Ss counted backward by twos 
starting with a number supplied by E. 
Half of the Ss were then given as much time as they 
required to recall as many items as they could. 
Twelve of the Ss receiving this final recall test were 
males and 12 were females. The other 24 Ss, half 
males and half females, were given a 200-item 
three-alternative forced-choice recognition test 
on the words from the 10 lists. Ten test sheets were 
given to S, each sheet containing 20 rows of three 
words per row. One word from each row had been 
presented on one of the lists, while the other two 
words were lures drawn from the 
as the previously presented words. 53 
the same order of words on the recognition test. 
The S was instructed to circle the one word in 

which he had seen earlier and to give 
a confidence rating using the numbers 1, 2, ог 3 
where 3 was highly confident and 1 wea a guess. 
Neither the Ss who received a final recall к пог 
those who received à final уса Боп test E 
informed that they would receive à final test on the 


words. 


following 
for 1 min., 


each row 


p DISCUSSION 


Serial position curves for immediate 
recall final recall, and final recognition 
ah :. 1. The immediate recall 


are shown in Fig. rec 
и sents data both from Ss who 


RESULTS AN 


curve repre | 
тебедеп а final free recall test and from 
those who were given à 200-item three- 


alternative forced-choice recognition test. 
E а 

The data are pooled because recall Ss and 
recognition Ss were virtually identical in 


both the overall level of performance 
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Positions 14-20. Note that the chance level 
of performance is .33. 

Figure 2 presents serial position curves 
for final recall and final recognition with 
Separate curves for items from initially 
tested and initially nontested lists. Final 
recall for items from both tested and non- 
tested lists shows primacy and decreasing 
Performance over serial positions. How- 
ever, due to the reduced number of ob- 
Servations, this decrease over the terminal 
Positions was not significant. For tested 
Items, F (1, 138) — 1.23, and for nontested 
Items, F (1, 138) = 3.19. Overall perform- 
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ance was significantly higher for tested 
items (27.5%) than for nontested items 
(17.6%), t (23) = 4.43, p < .01. This in- 
dicates that receiving an initial recall test 
facilitates later recall of an item regardless 
of the item’s original input position. 

One can ask whether an item from the 
terminal input positions receives the same 
facilitation in final recall due to initial 
testing as do items presented earlier in the 
list. According to Atkinson and Shiffrin’s 
(1968) dual storage model of memory, 
these terminal items are retrieved for the 
most part from a temporary short-term 
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Store, while items presented earlier in a 
list are retrieved from a more permanent 
long-term store. It could be that the ter- 
minal items, being readily available for 
recall at the time of test, do not receive 
as much facilitation in final recall as do 
the items from earlier input positions. If 
Such were the case, the final recall curves 
for items from initially tested and non- 
tested lists would converge for the terminal 
positions. The data seem to argue against 
this possibility. Although it appears that 
the curves are converging for Positions 
17-18, they diverge for Positions 19-20, 
The same Curves were also plotted using 
only the final three tested lists and final 
three nontested lists. Although these curves 
are not shown here, they show no signs of 
Converging over Positions 17-20. It appears 
that final retrieval is improved for all 
items from lists Which receive an earlier 
recall test, 


The results for final recognition 
Very different. There is n 
€rence between 


are 
© significant dif- 
the curves for 


tested 
(82.5%) and nontested (81.5%) lists, 
1 (23) = .56, р> .50. It appears that 


items do not receive the same facilitation 
in recognition performance due to prior 
recall testing as occurs when they 
lor final recall. Tests were 
to determine if the tested 
recognition curves showed ej 
Or positive recency. Linear 
Show that for thes 
significant decre: 
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items 
and the stored memory traces of a 
presented on the word lists. If ie ;n the 
ing of items produced any cae yr 
availability of these items in the re. | 
Store, this increment should be ed s 
in the curves for recognition of tes here i5] 
nontested items in Fig. 2. In fact, " not 
no difference between the tested апо ЭШ 
tested curves, indicating that pns bility. 
of items has no effect on item avai E 
On the other hand, there is a signin Aa 
difference between the final сан. lists 
for items from tested and nontestec | cue 
Free recall requires the use of retrieve a 
to gain access to stored ie og re 
Success in retrieving an item on e ac 
recall test is a function of the iem inc? 
cessibility as well as its availability estint 
the results for final recognition affect! 
indicate that availability is not | геса 
by prior testing, the results for peo atf 
testing suggest that prior testing ai “rity 
retrieval by increasing the accessibi 
items stored in memory. ' 


san ЇШ 

Items that receive an initial test = lí 
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immediate tests and those that wer gi 
recalled, Figure 
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item's list position during study, conditiona 
item on the initial test. 

2). It may be that Ss 


label items in memory as having been 
tested or not and that this labeling affects 


Seri А | 
ie. positions of the intrusion items, the tested lists (see Fig. 
boda with which these items occur 
Osi ases from a total of 31 for Serial t : | 
оле 1-4 to a total of 12 for Positions the probability of an item becoming an 
815 0. Of the total ber of int sions intrusion error. 
H number ol 1n ru П 4 Š Е " 
ing? are items [БОЙ nontested lists, which Craik (1970) found that the probability 
S 'Cates that if a list receives ап initial of an item being recalled on a final recall 
ap, Ue items in that list are not likely to test was highly dependent upon the posi- 
A tion at which it was recalled on the initial 


Dea; А 
lists г as intrusions on tests for other » : 
i not test. Items from early output positions in 
initial recall had the lowest probability 


ster © items from | 
"come i i se though 

d re intrusion errors even е А ] 

hü aj ember more of these items on à final of final recall, and those from final output 

all test than they do items from non- positions had the highest probability of 
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final recall. Rundus et al. (1970) showed 
that the same is true for а 3-wk. delayed 
recognition test. However, as Rundus et al. 
point out, caution should be t; 
interpreting this result because 
substantial variability 
items different Ss rec. 
tests. As a result, Ss 
equally to all output 
et al. corre 
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all on the initial 
do not contribute 
positions. Rundus 
cted for this by Vincentizing 
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their data, a procedure which divides E | 
S's output into equal parts so ү ell 
probability of retrieval on the y = 
can be plotted as a function of, = the 
ample, Output fifth. They found tha ati 
probability of 3-wk. recognition was 2a 
low for items output early in the in in 
recall, but instead of monotonically © 
creasing the curve rose to a peak ае 
dropped off for the final two-fifths o | 
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put. In the present study non-Vincentized 
and Vincentized output curves were ob- 
tained for probability of final recall and 
final recognition. These curves are pre- 
sented in Fig. 4. 

All four curves show that performance is 
lowest for items from early output posi- 
tions, increases for later positions, and de- 
creases for final positions. It is doubtful 
that this decrease is significant for the 
Don-Vincentized curves because the final 
Points include data from only two items 
in the case of final recognition and seven 
items for final recall. A further problem in 
the interpretation. of the data for final 
recognition performance for both Vin- 
Centized and non-Vincentized curves arises 

ue to the high level of performance. The 
Possibility of significant trends occurring 
Over serial positions is virtually eliminated 
by this high performance level. The most 
interesting curve is that for Vincentized 
final recall. The decrease for final positions 
15 not as pronounced as it was for recogni- 
Чоп performance in the Rundus et al. 
(1970) study, and it only occurs for the 
final fifth. of output. In fact, when im- 
Mediate output protocols are divided into 
Quartiles rather than fifths, this final recall 
Curve shows no decrease for the final 
quartile, 
The principal finding of this study is the 


higher probability of final recall of teste 
;hereas no effect 


«han of nontested items W oie um 
Prior testing was evident when the final 
ү was а three-alternative forced-choice 
"ecognition test. This result 18 interprete 

45 evidence that prior free recall testing 
Provides Ss with easier access (0 the tested 


"tems but has no effect on item availability. 
he existence of a statistically significan 
been confirme 


уе recency effect has from teste 
and nal recall when the data | Although 
Theo tested lists are combined. 4 e over 
lens was no significant iuge non- 
a positions when. tested anc rately 
oed items were considered Separa w 
r final recall and negative recency “а 
found when Ss received a final recogni- 


tion test, the theoretically important point 
is that in no instance was there positive 
recency on a final test. Cohen (1970) 
contends that his data demonstrate a 
positive recency effect for recognition 
testing, but the effect he obtained was small 
and no statistical test was reported. In 
light of the findings by Rundus et al. 
(1970) and McCabe and Madigan (1971) 
that a nonpositive recency effect is ob- 
tained when final testing is with a recogni- 
tion test, the results from the present study 
cast some doubt upon the existence of a 
positive recency effect for final recognition 


testing. 
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Information tr. 
The Ss were d 
display 


The most important ch 
information transmission 
rate (bits/time) at wl 


information. For the human processing 
visual information, a typical task is read- 
ing or typing text, i.e., reproducing a 
sequentially presented message. In the 
present study, the processing rate of hu- 
mans was measured by using a simplified 
version of this t the message was com- 
Posed with an alphabet of two highly 
identifiable stimuli paired by a one- 


aracteristic of an 
channel is the 
hich it can transmit 


ask; 


to-one 
code with key-pressing responses. 
There are two Categories of parameters 
involved in the visual 


Processing task, 
ge ch 
alternatives, redun 
er with channel ch 
ar, the req 
(memory) and 
available at 
unit) are 
many 


one concerned with messa, 
(number of 


and the oth 


aracteristics 
dancy, etc.) 


aracteristics. 
]uirements 


important, 


Studies concerned 
message p 


with tl 
arameters (e.g., Garner, 1962) 
on transmission rate but few on channel 
parameters, In present Experiment, 
message parameters were fixed while mem- 
ory requirements and integration unit were 
varied. 
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S’s information 
that Ss used both parallel processing 
ng of remembered stimuli to increase 


at 

Shannon and Weaver (1949) proved UE 
with proper encoding, the ipio cam 
capacity (in bits/time) of a "t 
be reached even in the presence o is 
One method of achieving the pcne ^ the 
increase the length of the units eer 
message to be coded. In the present тре 
this corresponds to increasing the puse 
of visible stimuli, When humans proc. 


еї 
А x А E " зеге 
visual information, as in reading, ae he 
a considerable amount of integration й, 
text when 


many stimuli are available ^. 
multaneously for Processing. This inter. 
tion can be demonstrated easily by rea che 
text through a small hole. The smaller ate 
hole, or window, the slower the reading F^: 
Thus, in the Present task, increasing | 
length of the message units should incr 
transmission rate. 1, 2 
text is presented in acoustic topo Nr 
in speech or Morse code, the window no. 
is necessari]y Very small. There can р 

integration of the type discussed abor hack 
there Certainly is a considerable ad i? 
ward" integration using stimuli store can 
memory, This backward integration de 
be demonstrated easily by observing. 
lag between the time the symbol is x i 
(stimulus) and the time the messag a 
recorded (response), This lag shows 


í : sah sto 
much of the Processing occurs with $ 
information; I 


a 
umans process the nie T 
from а short-term memory store T (e 
than Processing the message as it ВАТТ 
erved. In other Words when no proce? 


ase 
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constraints are imposed, Ss tend to adopt 
Strategies involving different amounts of 
memory load for each task to maximize 
transmission rate. The approach in the 
present study was somewhat different. 
With fixed message parameters, 5 was re- 
quired to transmit the message under dif- 
ferent memory loads, and thus a transmis- 
Sion rate could be measured for each 
condition. 

The message was a string of X's and 
O's with only a portion of the total message 
visible at any given point in time. As S 
responded, these stimuli shifted across his 
field of view, as if the message was passing 
behind a window. Furthermore, the symbols 
that passed through and out of the window 
Could be thought of as shifting into non- 
visible locations consecutively further from 
the window. The memory requirements 
Were controlled by having Ss responding to 
both visible and nonvisible locations. For 

to respond to a symbol occupying a non- 
Visible location, he had to remember the 
Symbols that had shifted out of the window; 
the number of symbols he had to remember 

epended on the specified response location. 


METHOD 
A pparatus.—The apparatus consisted of a general 
Purpose digital computer (DDP-24) with an as 


SOciated ca > (CRT) display and 
athode ray tube д 
typewriter. T à esented the 

d t kevboard. The CRT prese 
er keyboard. The oan appto- 


капці to S, who responded by pressi DEA 
[ fate key on the keyboard. When the respo 3 
iade, the computer immediately updated t à 
"Play, so that the rate of information presentation 
Was under S's control. Following each кароо 
ES Computer automatically recorded the 3 = 
Stimulus as well as S's respon and reactior 


time a; 
ime since the previous response the CRT 
Bes 'imuli.—The stimuli displayed оп айй О? 
nsisted of a series of binary symbols аА 


ог h with à probability 


D cried in random order, еас 
“currence equal to one-half 
мо biects.—The Ss were sixteen теп T 
те En employees of the Research and etn ic 
ent Department of General Dynamics, ae 
Pat Division, Their ages ranged from 25 ont in 
tl SON of the Ss had practice with the task Т 
Priced С symbols displayed 
sim pee rre The number of syn’ s yes 
Wir ‘taneously on the CRT was calle Sie 
eee sizes of one, two, and four we 
merted as Wi, Ws, and Ма). 
Cup: е S'e task was to respond 
Ying a specified location: (a) the 


and two 
Develop- 


to the symbol oc- 
left-most loca- 


tion in the window ("visible" response location, 
designated as VIS); (b) the first nonvisible location 
to the left of the window (“memory-1" response 
location, Mi); (c) the fourth nonvisible location to 
the left of the window (‘‘memory-4" response 
location, M4). 

In the latter two response locations, the stimuli 
were not visible at the moment of response. There- 
fore, the stimuli had to be remembered from the 
time they were visible in the window. 

The experimental design consisted of the factorial 
combination of three window sizes and three re- 
sponse locations, which yielded nine experimental 
conditions. The information load (two equiprobable 
stimuli yielding 1 bit per symbol) of the message 
was constant across conditions 

Two Ss were randomly assigned to each of the 
nine conditions; each S participated in 12 sessions, 
A session consisted of a continuous se- 
quence of 120 trials. To minimize the effects of 
starting and stopping, data from the middle 100 
trials only of each session were analyzed. The task 
was to press a key corresponding to the symbol in 
the response location corresponding to that par- 
ticular experimental condition; Ss were told to 
respond as quickly and accurately as possible. 

Within a few milliseconds after а key-pressing 
the display was updated. All but the left- 
most visible symbol was shifted one location to the 
left, and the left-most symbol was removed from 
the CRT. This procedure can be thought of as 
shifting the left-most symbol into the first nonvisible 
location to the left of the window. At the same time, 
a randomly selected symbol was entered at the 


right-most location in the window. 


2 per day. 


response, 


RESULTS 


The dependent measures were the 
amount of time taken to complete the 100 
trials and the number of errors made. From 
these, average response rate (symbols/ 
second) and average information trans- 
mission rate (bits/second) were calculated. 
Figure 1 shows the relation between the 
independent variables and information 

for the last experimental 


issi ate 

transmission ra е Ја un | 
session. The results are similar for the e 
ber of symbols/second data except that the 


point for VIS-Wi; is relatively lower for 
P formaton transmission because of errors 
made by S. : е | 
An analysis of variance conducted on the 
* i H . j 
information transmission measure show ed 
nificant effects of both window size, 
2 


FQ 9) = 11.7, р < -005, and response 
aon, F @ 9) = 1149. # = .005, but 


no significant interaction. A Scheffé range 
test “confirmed that all levels of both 
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Fic. 1. Window size Versus average information 
transmission rate for the final session. 


variables, except VIS versus M, and Wi 
versus Wo, 


were significantly different 
(b < .05) from each other. 


As memory load increased 
ransmission rate decre. 


Was consistent and approximately equal for 
all window sizes, except that ther 
difference between th 


M;-Wi conditions. 

As window size 
| mission rate increase 
| gardless of the mem 


; information 
ased. The effect 


€ was no 


e VIS-W, and the 


increased, the trans- 
d at the same rate re- 


ory load imposed on S 


(no significant interaction betwee 


load and window size). This con 
increase indicates tha 
all the available stim 
dependently of memory load. In fact, the 
| most striking finding of tl 

| 

| 

1 


n memory 


Ss in the M, condition, when given a 
sufficient. number of visibl in- 


creased their transmission rate to approxi- 


i ith 
mately the same level as that altare we 
a much lower memory load and ае ощ 
or two visible stimuli (VIS-Wi, М; 
and M;-W.;). 


DiscussioN 


А zas tO 
The effect of increasing window size pe 
increase information transmission мер ied 
indicates that S was processing several s The 
at the same time (parallel psieseiog), FE 
most dramatic demonstration of а cont 
ness of this mechanism was in the VIS- * udi 
dition, where the transmission rate was | Ыр. 
lower than a straightforward ee, и 
the transmission functions from the pc 
points would imply. The VIS-W; con cer 
was the only one in which no parallel Ve at 
ing could occur; all other conditions ee 
least one other stimulus that either was vl i 
or available in memory at the time the 
onse was made. ? 
cc stimuli needed to be available for P 
allel processing to take place. In the ag 
where the second stimulus was фен 
іп memory (window size of one), the WE 
tage of parallel processing offset the mer sd 
decrement. For window sizes greater than il 
adding visible stimuli increased the transn 1e 
sion rate, whereas adding to the memory 
quirements decreased the transmission ia © 
Аз noted, the transmission rate in one of Е 
M-4 conditions (M4-W4) was as high as a a i 
dition with no memory requirements (VIS-M ly 
he question arises as to how this om | 
high level of performance was achieved. W fale | 
questioned, 5s reported that they used the the i 
lowing perceptual coding technique: with re 
Wi-M, Condition, the visible symbols pel 
tagged as a "chunk" of four, an implicit pet 
tual configuration such as XXO X, ORA ie 
etc. This chunk was stored in memory d 
the next visible group of four was being E 
coded and stored. After the second chunk W? 


ex 
Stored, the first group was reported. The d so 3 
Visible group of four was then chunked, an 
on. 


ing from Trial 1 to Tria ded _ 
Group 2 (of four visible symbols) was ac 
and stored in memory as a chunk. At 


time two chunks (1 
Stored in memor 7. 


and reported by 


ee 
€, Groups 1 and 2) W 


e 
Group 1 was now decode | 
four rapid responses. | 


INFORMATION P. 


peus CRT WINDOW 
: 
Г —— 
Y GROUP 1 
5 
tose bs PARED AE 
s a a Ae 
. Sesame imme 
б Base GROUP 2 
з 
к wt e ose Ys 
Ы [LU A A i£ 
4 IAA 
К GROUP 2 zm 
n 
B cuore 
= : =——"7 
. BAQUES GROUP 4 
Fic, 
ence 


2. А 
коа example of the chunking sequ 
rted by Ss in the M4-W4 condition. 


was coded 


Gro 
ч 
P 3 (or four visible symbols) 
Again, two 


and 5 4 
vi ose in memory as a chunk. i 
Ory. (с) 3roups 2 and 3) were stored in mem- 
Ported by Group 2 was now decoded and re- 
from T y four rapid responses, thus advancing 
Visible d Oxo Trial 13. (d) Group 4 col tour 
Огу ac ymbols) was coded and stored in mem- 
y ое and so on. 
uce шаш, Ss may have been able to re- 
to st number of discrete quantities they 
lVe to t ore in memory for this condition from 
d wo. 
the Cd coding scheme was use 
4-Ws» condition. However because 0 
the scheme was less 
of t With a window 
tained t wo, the chunk of a visible con- 
Conditi wo symbols; therefore, even under ideal 
This nin the memory loa ch 
ith e accounted for the drop in efficiency- 
Portuni window size of one, there was по OP- 
for al a to chunk visible stimuli, and there- 
"UC i pa had to be storec. 
lon ing procedure, used without 1 
Code us Ss, was very similar to the chunking 
Stugy “Ported by Miller (1956). In the present 
» however, the coding Was perceptual 


(im 
Plici pe 
icit) rather than learned (explicit)- 

to support 


IE AEN 7 $ р 
$5 reno was behavioral evidence pp 
Е ocu of coding. In the My-Ws condition 
ed a response time pattern of groups ° 


d by Ss in 


instruc- 
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four quick responses separated by long inter- 
vals. Earlier studies (Glanzer & Fleishman, 
1967; Kleinberg & Kaufman, 1971; Lamb & 
Kaufman, 1966) found that coding takes time. 
The response pattern of the Ss suggests that 
they were coding and storing information dur- 
ing the long pauses and then responding quickly 
with previously stored information. Further 
support is provided by the fact that Ss in 
the Mi and VIS conditions where coding 
was not feasible showed no such response pat- 
The nature of this perceptual coding 


terns. 
process is presently the subject of further ex- 
perimentation. 

ory load condition, the effect 


In the high mem 
of increasing window size is to make available 
to S stimuli that can be encoded into chunks, 
effectively reducing memory load. Although 
this encoding takes time, the reduction in stor- 
age and retrieval load for individual stimuli 
results in an overall processing gain. 

The results show two characteristics of the 
of sequentially presented visual 
information. First, all visible stimuli, up to 
the four used in this study, are processed con- 
currently 50 that the transmission rate is 
monotonic with the amount of message visible. 
Second, when the message must be routed 
through à memory store, Ss resort to an im- 
plicit coding (perceptual chunking) to reduce 
the number of units in storage. 


processing 
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ROLE OF COLLATERAL BEHAVIOR IN TEMPORAL 


DISCRIMINATION PERFORMANCE AND 
LEARNING IN RATS! 
HOWARD GLAZER anp DEVENDRA SINGH? 
University of Texas at Austin 


Two studies were desi 
havior during the 
forcement of low re 


was concluded that rats 
deprived of gross motorii 
under such conditions, 


Skinner (1948) was the fir 
that in a situation where ге 
delivered at fixed 
contingent on a 


mals develop hi 
of 


st to report 
inforcement is 
intervals and is not 
ny specific behavior, ani- 
ghly Stereotyped patterns 
Tesponding which he termed "super. 
Stitious behavior.” Such stereotyped þe- 
havior has also been noted in temporal 
discrimination tasks where reinforcement 
is contingent on a Specific terminal re. 
sponse, For example, animals trained on 
schedule of differential reinforcement of 
low response rates (DRL) develop highly 
stereotyped idiosyncratic behavior which 
fills the intervals between ос 
the designated operant 
1963; Wilson & Keller, 
such Stereotyped or Coll 
DRL perfor; 

Laties, W 
and Laties, Weiss 
These 


avior in 
nt in studies by 
"апа Reynolds (1965), 


^; and Weiss (1969). 
authors found ¢ 


ll-developed 
L performance isrupted by 
blocking the coll r; when the 


hat wel 
could be q 
ateral behavio, 


г y University Re- 
€ Project R-130 14-7499.0130 awarded 

‘ational Science Founda- 
arded to Abram Amsel 
ank fora critical reading 


Prints should b; 


: е sent to Devendra 
tment о Psychology, University 
exas at Austin, Austin, Texas 78712. did 


are not able to perform 


ontrol. All except completely restricted Ss 
cond study, 5s were placed on a D RL 10-sec. 

5 of complete restriction, the other group 
wing which half of each group was switched 
"The 5s switched from re 
- acquisition, whil 


n DRL performan 
are capable of le: 
c behavior but 


striction to no re- 
е 55 switched in the opposite direc- 
cc. On the basis of these results, it 


arning temporal contingencies while 


appropriately 


collateral behavior was 
the reinforcement retur. 
level. » ase 
The most frequent functional role as 
cribed to these collateral behaviors = nat 
“timing behavior,” the idea being e 
they develop to bridge the time Fee 
separating reinforcements, It has ега 
Suggested that the occurrence of colle 4 
behavior increases the probability ol j "he 
forcement and thus tends to persist. 
Tere occurrence of collateral behavior СЄ; 
not, however, mean that such behaves a 
necessary or Sufficient for the acquis! ver 
of a temporal discrimination. As amine 
(1963) has Suggested, one way to deter! col 
the functional Significance of these ^ 
latera] behaviors is to systematically "^5 
nipulate them and observe their effect“, 
the acquisition апа performance Оор” 
tempora] discrimination, If the deve for 
ment of collateral behavior is critica за 
tempora] discrimination learning, an!” ё 


ней, 
again pani 
ned to its or!g! 


ar 


nm: 


i “ngage in overt collatera che 
havior Should not be able to learn 
tempora] discrimination. rn 

To test thes 


[2 
* relationships, two e 
Onducted, In the firsts 10° 
Were trained ор a DRL schedule ы n 
conditions of differentia] bodily restri io 
he second Experiment was conduct? ef 
ascertain Whether observed DRL 


ments Were с 


COLLATERAL BEHAVIOR AND 


f . ae 
prone deficits produced by restriction 
Р bodily movement in Exp. I reflected a 
earning or performance deficit. 


EXPERIMENT 1 
Method 


albino 
Zach 
provided 
A 


rad ecis Twenty-four male Holtzman 
S E onu ш days old served a: 
e housed in an individual cage and was 
124 ad-lib water throughout the. experiment. 
hr. dark-and-light cycle was maintained. 
did bparatus.— Two identical Plexiglas operant con- 
oning chambers (21.25 X 16.25 X 37.50 cm.) 
boxes were used. In each 
wide lever was 
el, 11.25 cm. 


0 restraining 
meünted a 2 cm. long X 1 cm. 
abovi a on the center of the end pant 
the is oor level. An upward pressure of 10 gm. on 
lo» ever activated the food dispenser. Directly be- 
5 У the lever, a food cup was mounted on the floor. 
d chamber was housed in a sound-attenuated 
X equipped with a ventilation fan. 
^ he three restraining boxes designed for complet 
mdp partial restriction, and stress Control 
Da e made of .63-cm. plywood. The complete and 
тиа restriction. boxes measured 20.00 cm. long 
u 13.25 cm. high X 8.75 cm. wide. On one end of 
‘ese boxes was a hinged door with a 3.00-cm. circu- 
wy ole in its center. The complete restriction pox 
ef Ü also fitted with lateral partitions оп either side 
lass head hole and a plywood insert which could е 
whi ped down by bolts from the top of the box anc 
"hich covered the length and width of the box. 
(35 ping control box measured 5.00 cm. long > 
ere high x 8.75 cm. wide. It was complete у 
insert "ma both ends and was fitted with a plywooc 
Dox, ке that described in the complete pipi 
tight n the complete restriction box, 5 was с Wem 
hole A with his head protruding through the sead 
onl which restricted S to vertical head movemen 
may. The Ss in the partial restriction por 
а their bodies inside the box to a very шш 
Кор «2 and the head protruding through. the head 
n е could move in any direction: The stress con- 
et box was placed around the middle of S, allowing 
БЕ freedom of limb and head movem ai 
wig eral recording and event control was donc 
! solid-state circuitry- 
ir a lura The Ss were random m atini 
rest, groups of six each: complete restriction, 1 ee 
Sd tiction, nonrestriction, and stress control. 5 е 
le YR of handling, all Ss were place on à 10 inei 
u Eum schedule and maintained on warren 
het roughout the experiment. One week “ы ы 
ора of the deprivation 5c Ss 
inan to their respective restriction © 
Crin ay for 3 days. Box adaptation a 
ing 5 S in the appropriate restriction | ох a Ие 
попу = box on an empty table top. Тһе 95 nds 
je on group were allowed to i! a e 
ing DP for À hr. Following restri o 
ation, the operant conditioning ph: as 


domly divided into 


investig: 
ction-box 
ase 
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started. The Ss from the complete restriction, par- 
tial restriction, and stress control groups were se- 
cured in their respective restriction boxes and were 
positioned in the operant chamber in such a manner 
that raising the head resulted in a lever press and 
lowering the head permitted access to the food cup. 
The Ss from the nonrestriction group were placed in 
the operant chamber unrestrained. All Ss were 
given 25 reinforcements (45 mg.-Noyes pellet) a day 
on a Fixed Ratio (FR 1) schedule unde rtheir re- 
spective restriction conditions for 2 days. Then the 
Ss were shifted to a DRL 10-sec. schedule and 
trained for 3 hr. a day for 20 consecutive days. 
Finally, all Ss were tested for extinction for } hr. a 
day for 5 consectuive days. Throughout the experi- 
ment, four within-group random running orders were 
employed. Running orders were randomized over 
days but held constant between groups within days. 
Number of responses over the }-hr. sessions were 
recorded by a series of ring counters in 5 successive 
2-sec. time intervals (timed from the previous 


response) for each 5. 


Results 

Interresponse time (IRT) data for each 
S for all days of acquisition were converted 
into interresponse time per opportunity to 
respond (IRT/OP.) scores (Anger, 1963). 
Percent reinforcement for each S was cal- 
culated using the formula: 


number of reinforced responses у 100 
total number of responses 


theoretically available rein- 


Percent of À 
btained was calculated using 


forcements O 
the formula: 


number of reinforcements x 100. 
| 180 


he percent reinforce- 
acquisition for each 
analysis for acquisi- 
d 20 for each group. 


performance of the 


Figure 1 presents t 
ment over 20 days of 
group and IRT/OP. 
tion on Days 1, 10, an 
As the figure indicates, 1 
complete restriction group 18 lower than 
that of the other groups and, unlike the 
s, shows no progressive improvement 
continues. Analysis of variance 
at reinforcement data yielded 


other: 
as training 


of the perce! t 
initam effects of group, Um (3, 20) 
— 29.08; days, / (19, 381) — 15.20; and 
Group X Days Е (57, 381) = 11.70, all 
ps < 01, indicating à significant increase 

reinforcement over days for all 


in percent 


except the complete restriction group. 
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% REINFORCEMENT 


12 3 14 1 16 


V 18 19 20 
DAYS 
Fic. 1. Percent reinforcement for each group over 20 half-hour daily sessions, 
IRT/OP. 


- curves for Days 1, 10, and 20. 


The inability of the 


complete restriction 
group to learn the te 


table 
the 20 days of acquisition. As the cte 
mporal discrimination shows, all except the d of the 
becomes clear from the inspection of the group obtained better than 6 70 emina 
IRT/OP. curves (Fig. 1). While the other available reinforcements by bes variant 
groups show a bimodal distribution which боп of acquisition. An analysis 0 5 ay?! 
is present by Day 10 and becomes More indicated significant effects of group 4 26! 
pronounced by Day 20, further Suggesting and Group X Days, F (3, 20) 57 381) 
such ety” efficiency of discrimination ТЕ Е (19, 381) = 12.37; and F (57, | 
such trend j i complete = 4.73, all ps < .01, respectively. f tot? 
restricted group. n examination was also made OF ^, 
In order to determine whet 
crease in percent reinforceme. 


у 
her the in. frequency of responding over daily ce 


an 
Sions to determine Whether the perform p 
in all but the complete restriction grou deficit of the Complete restriction $ due 
Was indeed indicative of an increased tem- resulted from a higher response rats of 
poral discrimination efficiency, the percent to Stress or g 
of theoretically available rej : 


: 3 ificant 8’ ү, 
А variance di А al а significant P ру 
Obtained was also calculated, Table 1 show : ч um очага gig 


1 051 S 
1 l main effect, Р (3, 20) = 3.00 p ui 
oretically available rein- id yi TED Des рі 
forcements obtained for each Stoup over E Pal one rie 1 
9 , 


Al 
P (57,381) = 8.00, p < Ol. 


Group — 
1 2 3 4 | 5 
|_| | 
NR | 19 | зу 35 | 39 | 39 
PR 18 |33 | 37 | 41 40 
CR 14 | 14 | 15 | i4 17 
C 10 | 15 | 19 21 | 29 
Note,—Gro 


UPS are abbreviate s 
control = 5С, viated а; 


. the 
© factor that retard 
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aoa interaction resulted from an 
ae in total responses for the complete 
ea group and a decrease in the 
dm Ig mi for the remaining groups 
differ de [ен 3 days. The groups showed no 
E for Days 4-20 with respect to 
al number of responses. 
A pas С an analysis of the data from 
a's response extinction showed a sig- 
cant days effect, F (4, 81) = 9.84, 
Ro d indicating that all groups make 
sen €: fewer responses as extinction 
нЕ d nut that the groups do not show 
ntial rates of extinction. 


Discussion 
еи overt collateral behavior, the 
of pm E group showed no evidence 
uer a learned a temporal discrimination 
acquisiti half-hour sessions, as reflected in the 
thay "4 A of DRL performance. The fact 
adis pog restriction and stress control 
йс q id not differ significantly from the 
аР group suggests that complete 
for e of bodily movement is not essential 
small a acquisition of DRL performance; à 
ent. Vou of overt behavior appears suffici- 
ipu n the basis of the percent reinforced 
the es and IRT/OP. data, it is possible that 
BÓ uis which did appear to acquire the 
[кө кэз hedule had not learned the temporal 
slowly isa but were simply responding very 
cies e example, with 39- or 40-sec. laten- 
obtain "ip percent of available reinforcement 
this i ed data, however, makes it clear ud 
of ts not the case. In order to obtain 60% 
could available reinforcements, Ss’ responses 
enn not have averaged greater than about 15 
> in latency, indicating that they had indeed 
arned the temporal discimination to some 


extent, 
i It should be noted that the complete restric- 
on Ss were effectively deprived of all overt be- 
avior, since the only overt behavior which was 
permitted (vertical head movement) resulted 
4 lever response and was thus directly in- 
beh patible with learning the require ; 5 
quer ior. However, the analysis of total re- 
icy of responding suggests that thi was not 
east led DRL acquisition, pt 
MESS after the first few days. There i - 
mc te possibility that failure of comple E 
cay iction Ss to learn can be attributed to stress 
cei by body restraint. However, this is 
very likely in light of the finding of no 
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difference between the stress control and non- 
A eium Ss, and on the basis of the findings 
M и and Barry (1970). Using increase 
cris a Mo as an index of stress, 
baa D Barry found that bodily restraint 
ML es not produce an increase in plasma 
ds on level within 24 hr. after restraint. 
ide y, it appears that the differential 
y restriction had no affect on the rate of 

the response decrement during extinction. 


EXPERIMENT II 


The findings of Exp. I clearly show that 
absence of overt collateral behavior and 
failure to acquire a DRL response are 
correlated. Still, the possibility exists that 
the inability of the complete restriction 
group to acquire a DRL response reflects 
the operation of a performance rather than 
rning deficit. It can be argued that a 
generalized nonassociative arousal factor 
potentiates the only available behavior 
(vertical head movement), which is in- 
compatible with DRL acquisition. Simply 
because the performance of the completely 
restricted group does not reflect learning 
of a temporal discrimination does not mean 


it has not been learned. That is to say, it is 
the completely restricted 


a lea 


possible that 
group did learn some type of covert timing 
but that some performance vari- 


behavior 
able such as 
them incapable o 
under bodily restriction 
order to determine the validity of 
sibility, a second experiment was CO 


usal rendered 
f performing appropriately 
conditions. In 
this pos- 
nducted. 


generalized aro 


Method 


Subjects—The 
approximately 100 days of age. 
tained under conditions identical to t 
in Exp. I. 

Apparatus and 
dling, and depriva 
Exp. I. 

The study was 
phases. In Phase 1, 
ted and the ot 


Ss were 16 male Holtzman rats 
‘All Ss were main- 
hose described 


han- 


e—The apparatus, 
аѕ іп 


procedur 
dules were the same 


tion sche 


а2 х2 factorial involving two 
half of the Ss were completely 
her half not restricted. In. 
2, half of the Ss in each of the two groups 
switched to the opposite condition, while the 
f remained under their original acquisition 
This yielded four groups of four Ss 
d-restricted, restricted-nonrestricted, 
nonrestricted, and nonrestricted-re- 
3 days prior to acquisition and for 3 


were 
other hal 
condition. 
each: restricte 
nonrestricted- 
stricted. For 


82 HOWARD GLAZER AND DEVENDRA SINGH 


days intervening between Phases 1 and 2, Ss which 


2 comme 
А = рог 
were to be under the restricted condition were | 
adapted to complete restriction for $ hr. per day as S| Sie 
in Exp. I. Following restriction-box adaptation, all 
55 were placed in the operant conditioning chamber a esos 
under their respective Phase 1 restriction conditions 
with no reinforcement available, so that a base-line slaags 
operant rate could be established under the two re- 
striction conditions. Operant levels were recorded з |5289 
for 3-hr. sessions each day for 2 days. This was fol- 
lowed by 2 days of 25 FR 1 trials for each S under а|ад@® 
their respective restriction conditions. Then all Ss 
were trained for 3 hr. а day for 20 consecutive days 515885 
опа DRL 10-sec. schedule. Following Phase 1 train- А 
ing was 10 days of Phase 2 training under appropri- з | љеља 
Ра " ^i moon 
ate conditions of restriction, followed in turn by 5 Б 
days of extinction. All the sessions for Phase 1 and alate 
Phase 2 and extinction were of }-hr, duration and a ВААС ЕИ 
data were collected as in Exp. I. B a | tase 
А ala 
Я = 
Results and Discussion 8 з |5598 
Analysis of Operant level performance р 
showed a significant difference in mean E 
number of responses between restricted © 
and nonrestricted groups on the first day $ 
(4.7 vs. 1.2 responses), ¢ (14) = 1.89, Z 
P < .05; however, по significant difference ae " 
between groups was evident on the second a Be S p 
day (1.4 vs, 1.1), indicating that the com- Ра БЕ = |==%% 
pletely restricted Ss habituate rapidly. FEES = | ое 
n z = |5585 
Тһе теап percent reinforcement data e xz = 
for Phases 1 and 2 for each group are 5S 1дан 
presented in Fig, 2, which also shows 3 aw E EAS 
IRT/OP. analysis for Days 1, 10, 20, 25, Б TIS 
and 30 for each group. Table 2 shows the & z|e-ern 
percent of theoretically available rein = „гезе 
отсегтеп{з obtained for each group over E *2|39839 
the two phases. Phase l results simply БА pe eee 
ee the findings of Exp. I. The percent 2 °| ARFA 
ana à ; Е = 
reinforcement analysis of Variance showeg E. a | oonan 
Significant effects of Phase 1 restriction Ё GRO M 
condition, day, and Day X Phase 1 Re- ысу 
striction Condition, Р (1,12) = 25.60; F M E 
(19, 228) = 7.10; and p (19, 228) = 2.70 е |8595 
E. RUNE ep rao. 
all ps < .01, respectively, The Percent of о | сее 
theoretically available reinforcement ana- pee тышы 
lyses also yielded significant effects of ~ |&%85 
Phase 1 restriction condition, Р (1, 12) Big remi rr чш 
= 1421; day, F (19, 228) — 9,8 ; and | speres e 
Day X Phase 1 Restriction Condition, F a| anaa 
.(9, 228) = 4.97, all ps < .01. Phase 4 cain Sue 
frequency of responding analysis showed ba person 
no significant effects, The IRT/OP. апа]. ca 
ysis is further confirmation that as training 3 MZ 
progresses, the unrestricted groups develop 5 |м 


= NR. 


NN; nonrestriction-restriction 


RN; nonrestriction-nonrestriction = 


Note.—Groups are de! s follows: -restriction = RR; restriction-nonrestriction 
n-restriction = RR; res 
fined as follows: restrictioi 
N 
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Successive 2 sec. LRTs 


% REINFORCEMENT 


$$ $ 3 


Pig. 2 
2. Percent reinforcement for each g 
and IRT/OP. curves 


Performance Р Р 
Chedule, whil appropriate to the DLR 
hüse: 9 iile the restricted groups do not. 
Ment pe f (Days 21-30) percent reinforce- 
of Phase irme shows significant effects 
ays э; | argen. Р (1,12) = 22.43; 
B up р (9, 108) 
X Й хы AN Days X Phase 1 Restriction 
all pp е Restriction, F (9, 108) = 3:00, 
Percent :01. While it took 3 days for the 
iig, тей responses of the re- 
evel of nonrestriction group to reach the 
Sroup ; Ше nonrestriction-nonrestriction 
Change n a hase 2, a much more abrupt 
theoretically observed in the percent О 
a fo y available reinforcements ob- 
Ph: the restriction-nonrestriction 
МАШИ азе 2 percent of theoretically 
Showed „reinforcement obtained analysis 
a T. effects of Phase 2 re 
n Phong ae Р (1, 12) = 31.37, 2 < 01. 
Шашбсал RM response data showed no 
om попге £ Tects. The groups switched 
al Fiction einen to restriction and from 
co, Chan d nonrestriction showed drastic. 
Urse, an zd DRL performance while, © 
5 ннерни апа поп- 
ng, е, Th ofrestrictión groups showed no 
wetestrictio terminal performance of the 
Sty about di aie group in 
Cted ,. he same as the leve 
groups in Phase 1 an 


ch 


roup for Phase 
for Days 1, 10, 20, 25, 


2225 


restricted-rest 
decrement in 
Group nonre 
reflected in th 


curve and the al 
cent of theoreti 
ment obtained. 


DRL perform 
restriction gr 


of Group nonres 
Phase 2, and this 1 


sustained for 
This was the 
forcement 


distribution (by 
ercent theoretically 
ment obtained 

The deteriora 


nonrestriction-res 
пе findings of L 


cord with tl 
(1969) that 
behavior disrt 
crimination. 
acquisition 
by the restric 


Phase 2, as com 
es of Gr 


tion rat 
striction and 


Phase 1, implies t 
Phase 


behavior in 
nate the poss! 


(by Day 


of 


22 23 24 25 26 27 28 29 30 


1 (Days 1-20) and Phase 2 (Days 21-30) 


and 30. 


ricted group in Phase 2. The 
temporal discrimination of 
striction-restriction is also 
e flattening of the IRT/OP. 
гирё decrease in the per- 
cally available reinforce- 
On the other hand, the 
ce of the restriction-non- 
p changed to the level 
triction-nonrestriction in 
evel of performance was 
the remainder of training. 
e for both percent rein- 
23), for the IRT/OP. 
Day 25) and for the 
available reinforce- 
(immediately). 

tion of performance: 


triction group is in ac- 
aties et al. 


an 
ou 


cas 


e in the 


interference with collateral 
ipts a learned temporal dis- 
However, the rapidity of 

DRL performance shown 
tion-nonrestriction group in 
pared to the DRL acquisi- 
oups nonrestriction-nonre- 
nrestriction-restriction in 
hat preventing collateral 
1 did not entirely elimi- 
bility of learning a temporal 


no 
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discrimination. It should be noted that the 
differences between nonrestriction-restric- 
tion and restriction-nonrestriction in Phase 
2 were in percent reinforcement, percent 
theoretically available reinforcements ob- 
tained, and the IRT/OP. distribution, not 
in total number of responses per day either 
in acquisition or in extinction, although all 
groups made significantly fewer responses 
as extinction progresses, F (4, 49) = 7.32, 
p < .01. Again differential bodily restric- 
tion had no effect on the rate of response 
decrement during extinction. 


GENERAL Discussion 


Taken together, findings from these two ex- 
periments suggest that Ss can learn a temporal 
discrimination under conditions of extreme re- 
striction of bodily movement, but that they are 
unable to perform appropriately under these 
conditions, Furthermore, the observed dis- 
ruption of DRL performance cannot, for sev- 
eral reasons, be adequately explained in terms 


of restriction-produced increases 


in arousal 
giving rise t 


0 behavior incompatible with DRL 
performance (i.e., high response rate), First, 
in neither experiment did restricted Ss show a 
greater number of Tesponses per session either 
in acquisition or extinction. Second, the oper- 
ant level data from Exp. II show no significant 
differences between restricted and nonrestricted 
groups after the first day. Finally, a Stress con- 
trol group performed as well as the nonre- 
Stricted group, 


The most intriguin 
Írom th 


The fact 
some extent, learn a temporal discrimination 
under the complete restrictio 


gests that these Ss were usin 


during performance 
ction. 


One may argue that under ns с. E 
striction, the only gross response availab e n 
the animal is directly incompatible with id 
designated operant, and therefore S а A 
more errors and the resultant poor per оа 
ance. This argument, if anything, € 
more problems. First, such an argument dod 
to imply that an S under complete restrict о 
cannot learn the temporal аиттан 
the performance of the group switched sel 
restriction to nonrestriction indicates UP 
wise. Second, it will also imply that 5 i 
to use a gross motor response to bridge a s 
interval and that some fractional or wt. 
tional behavior cannot serve as a meme 
cue for performance on a learned temp? ia 
discrimination task. Finally, if one assume 
that Ss, while learning the temporal e 
nation, use fractional or mediational behave 
but need some gross response for айел j 
performance, it is difficult to comprehend E 


z n 
= 3 a substitutt? 
utility and mechanics of such a substit 
of cues. 
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EAR DIFFERENCES AND DELAYED AUDITORY FEEDBACK: 
EFFECTS ON A SPEECH AND A MUSIC TASK! 


JOHN L. BRADSHAW, NORMAN C. NETTLETON, лхо GINA GEFFEN 


Monash University 


Left-right difference: 
feedback (DAF). The 
lists and while piano pl 
lengthened with disruptive 
similarly increase 
conditions of dichotic stimul 
input to the other ear consiste: 
or instantaneous amplified or attenu 


constant-level 90-db. white noise. ТІ 
vas ct 


d when the DAF was pl 
ation. These effects occurred when a secondary 


d either of long-delayed nondisruptive feedback, 
ated feedback, but were not apparent with 
he need for competitive stimulation in order 
onsidered, together with the possible con- 


s between ears were studied employing delayed auditory 
Ss were timed while reading prose passages and word 
aying. Reading times were found to be significantly 
DAF to the right ear, and playing times were 


layed to the left ear, under certain 


to obtain left-right differences w ће 
bral asymmetry, ipsilateral pathways, and 


tributions of handedness, cere 
transcommissural 
tional processes. 


erception 
ave been 
and 


Š Left-right differences in the p 
à verbal and nonverbal stimuli h 
*ported in vision (see White, 1969) 


Audition (е 969; Kimura 
.g., Bryden, 1969; м ] 
1967). Geffen, Bradshaw, and Wallace 

ation of 


E. using tachistoscopic present e 
Bre: апа faces, obtained similar duller 
Ure s. Reaction time, rather than a m 
Ee as accuracy of recall, was = to 
hs апше some possible confounding fac- 
oad for example, the effect of memory 
ad and attention on such differences. 
тоа problems arise when auditory 
reason are investigated, and for the i 
Used п а time measure, reading fime ee 
audit with maximally disruptive E Beds 
M у feedback (DAF) presented f° 
" Other materials were simultaneously 
to the opposite ear. Hitherto, neither 
o form of input nor this measure appear 
i [ауе been employed in à study of a 
p effects in audition. Bradshaw (1970) 
E articulatory lengthening under D 
Measure of speech disruption- 
а dichotic input, verbal ™ 
nted to the right ear is more accur 


lis 


T 


aterial 
ately 


1 
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2p ction with the piano-playing tasks. 
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i UN Department of Psychology: 1 

"sity, Clayton, Victoria, 3168, Austra'a: 


to John L. 
N Ionash 


routes. The findings were a 
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lso discussed in terms of atten- 


identified and recalled (Broadbent & 
Gregory, 1964; Bryden, 1963, 1967; Knox 
& Kimura, 1970; Shankweiler & Studdert- 
Kennedy, 1966; Studdert-Kennedy & 
Shankweiler, 1970). Nonverbal but word- 
like stimuli also show a right-ear superi- 
ority (Curry, 1967; Curry & Rutherford, 
1967; Haggard, 1969; Kimura, 1967; 
Kimura & Folb, 1968; Shankweiler & 
Studdert-Kennedy, 1966, 1967; Zurif & 
Sait, 1970). Conversely, the left ear has 
been found superior, with similar dichotic 
input, in the identification and recall of 
complex, nonverbal stimuli such as tunes, 
patterns of tones, etc. (Curry, 1967; 
Kimura, 1961, 1964, 1967; Knox & Kimura, 
1970; Milner, 1962; Spreen, Benton, & 
Fincham, 1965; Spreen, Spellacy, & Reid, 
1970; Vignolo, 1969). _The left ear also 
seems superior in resolving pairs of closely 
contiguous clicks (Murphy & Venables, 
1970). The great majority of studies, 
including those reported here, have em- 
ployed right-handed Ss. This is largely 
due to the attempt to relate left-right ear 
differences to cerebral asymmetry, à less 
complex problem in the case of the right 
handed. The latter, known as dextrals, are 
distinguished either by self-classification a 
the choice of the hand for writing, but the 
same is not true of left-handed (sinistral) 
Ss (Satz, Achenbach, & Fennell, 1967). 
Of the general population between 5% and 
15% have been classified by different 
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authorities as "pure" and many more 
apparent sinistrals, it is claimed, should 
be reclassified as mixed or ambidextrous 
(Annett, 1970a, 1970b; Hecaen & Ajuria- 
guerra, 1964; Kimura & Vanderwolf, 
1970). Sinistrals should be distinguished 
into two groups, familial and nonfamilial 
(Bryden, 1970; Zurif & Bryden, 1969), 
depending upon the Presence of sinistrality 
in one or more parents or siblings. Less 
than half of all sinistrals are familial, Non- 
familial sinistrals perform exactly like 
dextrals, in terms of ear, visual field and 
cerebral dominance, while familial sinis- 
trals show much less differentiation and 
generally greater lateral equipotentiality 
(Annett, 1970a, 1970b; Branch, Milner, & 
Rasmussen, 1964; Satz et al., 1967; Zurif 
& Bryden, 1969). The employment of two 
groups of Ss, right- and left-handed, 
whether familial or otherwise, would thus 
not resolve the question of whether an ear 


preference or an underlying mechanism 
such as cerebral asymmetry determined 
the effects reported here, However, if a 
group of right-handed Ss were shown to be 
more affected by DAF, in their right ears 
during a speech task, and in their left ears 
during a music task, then simple ear prefer- 
ence is unlikely to account for this func- 
tional dual asymmetry. 

Competitive input has usually been found 
necessary to produce left-right differences 
in audition, Several Studies ask whether 
division of attention should 1 
Tom competition рег se, (Ох 
& Gardner, 1967; Satz, 1968; Т 
Geffen, 1968). Bryden (1969) 
ing the relative Contributions о 
(S attends to both ears, not kn 
will be stimulated) and bin 
tion, found the latter is nece. 
cient for Producing lateral 
There is also evidence for 
certain circumstances 
with monaural input (B 
1968, 1970; Si 


; Mvestigat- 
Í expectancy 
owing which 
aural competi- 
Ssary and suffi- 
ity differences, 
asymmetry under 
between the ears 
akker, 1967a, 19671; 
| Simon, 1967), though not all 
studies have been Successful (Calearo & 
Antonelli, 1963; Kimura, 1961, 

In the visual modality, 

majority of laterality Studies 
ployed Simultaneous compe 


FFEN 
J. L. BRADSHAW, N. C. NETTLETON, AND G. GEFFEN 


го visual | 
either to the two eyes or the .M 4 
hemifields (some exceptions e 1967). 
1969, 1970; Sampson, 1969; W M ds M 
Differences in the physiology o this, O 
receptor systems can account ce there 
vision, as compared with audi perd the 
is much less neural interaction p^ Mere 
two hemifields before reaching t " arriving 
projection areas. Auditory stimu » neni 
at either ear are relayed to bo 
spheres (Galambos, 1950). -—-—. 

There is evidence that the inp 


occlu 
contralateral pathways tend to the 


un 
Inputs affect the two hemisphers io 
equally, the amplitude of the pet «пе 
response being appreciably less t rae 
contralateral one, though latency ке 0 
tion were equal. The behavioral «m со! 
Murphy and Venables (1970) tenc e 100 
firm such equivalence in trans! rioriť 
times; they obtained a left-ear supe NE 
in the discrimination of closely contig’ {1 
clicks only ina choice, never in a simp 
setting, On the 
neurophysiologic 
contralater. 


scent 
other hand, more паві! 
al evidence indicates 1 all 
al passage in cats (Grosa. "ioi 
& Thompson, 1967) and in man (v iia! 
ski, Bochenek, Bochenek, Knapi M 
kowska, & Kopeé, 1971). The latter | 
found a difference of 8 msec. in? 
"Our expe 


1 оу! 

А 1 

| riıments are reported emP' fi 
unilateral] p 


With variou 
ear. 


D and “у 
ту precondition, а al 
aterial is competitive: 


i cesses 
ature of attentional proces 
Considered, 


the 


EXPERIMENT 1 Й 


h 
nce’ " 
establish whether a v 
by disruptive DA 


In order to 
More affected 
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ear or the other, a situation was devised 
employing the simultaneous presentation 
to the opposite ear of a second competing 
input. To make the latter as compatible 
as possible with the disruptive DAF and 
S's ongoing speech activity, nondisruptive 
feedback was employed of a rather longer 
delay than the other. Two types of reading 
material were presented, connected prose 
and lists of common trisyllabic words. 
The latter all conformed to the same 
Pattern of length and rhythm or stress. It 
Was thought that these, if read at a uni- 
orm rate, might approximate somewhat 
More closely to the paradigm of split-span 
Paired stimulation. This provides for the 
temporal alignment and simultaneous pres- 
entation to each ear of paired items of 
Similar length. It is the paradigm tradi- 
tionally employed in the recall. studies 
discussed above concerning left-right ear 
ifferences. Specifically, it was predicted 
that reading times would be longer with 
the disruptive DAF to the right ear, either 
cause it would be more difficult to block 
out or ignore that channel, or because it 
Would be less easy to switch attention to 
the less disruptive long-delay feedback in 
the left ear. Yates (1963) reported that 
the speech disruption caused by DAF 
Varies for different types of material. It 
Was therefore asked what the effect of the 
regular, rhythmic word lists might be on 
any left-right differences. 


Method 
j n- 

А bbaratus.—Two Revox (аре recorders pisa ae 
Ployed, Model A77 and Model G36. The "ern et that 
Set to give a delay of .2 sec» а value wre TES 
Considered maximally disruptive (Y ү ы (1 1 sec-) 
atter was employed for the long delay а 10-cm. 
Since it was easier to modify 10 by НЕ уре, the 
‘ape loop around a roller introduced be k 
qe and playback heads. 

Ons were made to help the ta à 
Output from each machine was fed to am а 
9f Maico Auraldomes with TDH 39 һеаар 


le c — sing a Brüel and Kj 
J€ controls adjusted, using 2:03, to give approx- 


Cision s Type 2 

Н sound level meter, Type =; A aks 

imate equality at the ear. This resulted „ее 

9f 90—100 db., on the average; when Ss were It was 
* material under experimental conditions у a 

come in this way to reduc ses pom some 

x E ni * 
?nducted feedback to а minimum, а inte 


E it 
Oud articulations. With speech, however, 


possible to eliminate completely all immediate feed- 
back. 

Reading times were obtained with a stop watch 
and, where necessary, checked from the recording 
on a third machine (Tandberg 1200 X). This re- 
cording was also used to correct articulation times 
for words omitted, coughs, and the one ocasion when 
an S completely lost her place. The 5 sat ata table 
with his chest against a padded bar, in front of which 
the three microphones were arranged. The reading 
material was placed at eye level immediately behind 
the microphones. 

Material.—The prose passage consisted of Bart- 
lett's (1932) 340-word passage entitled “The war of 
the ghosts." The word list consisted of 100 items, 
each three syllables long and of the stress structure 
exhibited by such words as signify, subsequent, stimu- 
late, etc. Words of doubtful or unfamiliar meaning 
or pronunciation were excluded. 

Procedure.—Sixteen paid student Ss were em- 
ployed, 8 males and 8 females. None had speech 
defects. All were normally right-handed for all the 
everyday tasks of life, and without any left-handed 
close relatives or siblings. These facts were elicited 
by prior questioning. All Ss were given two practice 
trials on both types of material, once with disruptive 
DAF to one ear and once to the other. This was 
achieved simply by reversing the headphones on 
S's head. Each S was tested eight times, twice un- 
der each of the four pos ble experimental conditions 
(ear by type of material). An ascending-descending 
counterbalanced design was employed, giving rise to 
four different orders, within which either the type of 
material or the ear of presentation was alternated. 
The Ss were instructed to read the material aloud as 
fast as possible without making mistakes and with- 


out correcting themselves. 


Results 

Average reading times were longer when 
.2-sec. DAF was played to the right ear 
rather than the left. Three Ss in each case, 
however, produced contrary results, one of 
them with both types of material. With 
the prose passage the average increase 
was 5.6%; with the word lists the increase 
was 2.6%. А three-way analysis of variance 
showed that the laterality effect was signifi- 
cant, F (1, 15) = 9.1, P< .01. Despite 
the reduced magnitude of the effect with 
the word list, the Laterality X Material 
interaction failed to reach significance, 
Е (1, 15) = 3.1, P > 05. While Ss dis- 
agreed, on being questioned after the ex- 
periment, as to whether they found the 
long or short delay the more disruptive, the 
interference does seem to have been of a 
different nature. The short delay, as ex- 
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pected, disrupted articulation, and such 
disturbances were then made apparent to 
S by the long delay. Consequently, while 
the employment of the long delay might 
have helped to ensure close similarity be- 
tween the two kinds of input, it may itself 
have been disruptive. The Ss however, 
were largely unanimous that the disruptive 
-2-sec. DAF to the right ear was worse 
_ than when played to the left. A notable 
| exception was the one S whose reading 
times for both types of material were 
longer with .2-sec. DAF in his left ear. 
He could therefore be a case of right- 


hemsiphere dominance with 


respect to 
speech. 


EXPERIMENT II 


The first experiment demonstrates the 
possibility of producing left-right differ- 
ences in audition, using DAF and reading 
times. It can now be asked whether in- 
stantaneous auditory feedback (IAF) to 
the other ear is a sufficiently competitive 
form of input to restrict the disruptive 
DAF to its contralateral pathway and 
demonstrate such differences. The instan- 
tenous feedback normally present during 
speech may be inadequate as a competitive 
input, S perhaps having long habituated to 
the sound of himself speaking. Experi- 
ment ll was designed to examine this 
problem. The IAF was amplified, but only 
to a level equivalent to that of the DAF, 


Method 


Apparatus and brocedure—The same two Revox 
tape recorders were employed. One provided .2-sec, 
DAF; the other acting as an amplifier produced 
amplified IAF, The same headphones, sound level 
meter, and general settings were used as in Exp. I. 


. Only the prose Passage was given, Sixteen paid 
student Ss were employed, 10 males and 6 females, 
The instructions and general Procedure were the 
same as in Exp. I. The Ss Were given prior Practice 
and there was a counterbalanced ABBA or BAAB 
type of design, alternating between Ss, 


Results 
The findings were largely similar to Exp. 
1; there was a 4.7% increase on reading 


i 1 the disruptive DAF went to the 
right ear, and the IAF to the left, as com- 
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pared with the reverse case. When an 
jected to a ¢ test for correlated san > 
this proved significant; /(15) = ww 
< .01. As with the first experiment, к. 
were three reversals out of 16 Ss. T we 
results suggest that left-right a 
may still occur when S hears his own norm d- 
air-conducted and bone-conducted а 1 
back through one ear, with a single ei 
phone presenting .2-sec. DAF топаша 
to the other ear. 
EXPERIMEN’ III 

Experiment II demonstrated that the a 
differences persist when IAF is used as M. 
alternative input. If competitive inpu 7 
necessary to produce the effect, then T 
must be adequate as such. Experi me 
aimed at determining whether ear di zA 
ences could still be obtained with pe 
noise presented to the opposite ear. Ж. 
Ss of normal hearing, this is, in a sel a 
the nearest approximation possible t 
purely monaural DAF. The white ems 
should mask as far as possible any wr 
instantaneous feedback to that ear, = 
being uninformative, nondistracting, E 
continuous. If this were to result in 80 á 
degree of neural habituation, it might € 
be considered noncompetitive. сол 
quently, the absence of ear differences un i 
these conditions would tend to support E 
hypothesis that competitive alternati 
input is a necessary precondition. 


Method 


ayed 
Apparatus and brocedure.—White noise was ars | 
through a Revox tape recorder, Model A77, 1 pe 


Ps and Kjær random noise generator, This 
02, 


» at a range 


of 20-20,000 Hz. linear. at 
substituted for the [AF in Exp. П. The T 
the ear was set to 90 db., using the same proce re 
as before, Again onl 


as P 
y the prose passage № alc? 
d Ss, 11 males and 5 fem? ve 


wi 
Meral procedures and settings 


sented to the 16 раі 
Тһе ѕате ger 
employed. 


Results 
| ег, 
There was а very much smaller АЛ | 
centage increase (1.2%) when .2-sec. Ped | 
Was presented to the right ear, as comp aj 
with the left. It failed to reach significa 
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t(15) = В 
inp ma : > .05, using a Ё test for cor- 
Сен showed a While 12 out of the 16 
the same p^ ed a performance decrement in 
periments rere as the previous two ex- 
Was a nes зе magnitude of their effects 
Were large i and three of the four reversals 
should = | While these negative results 
tion, wt be treated with some cau- 
they do ibly being due to sampling error, 
taneous eri pie suggest that a simul- 
in т ла of white noise is inadequate 
he alight L significant ear differences. 
irection as endencies noted in the same 
Could разу the other two experiments 
9! completel y be due to the impossibility 
ieedback in masking stray instantaneous 
ing the dj the ear opposite to that receiv- 

xp. III pe e DAF. In this sense, 
Weaker IB possibly be considered as à 
lowever uiam of Exp. II. It should, 
Viously sam noted that Ss were very ob- 
he level ү being affected by the DAF; 
ent to en [ШЕ white noise was not suffici- 

he [ее the input to the other ear. 
uced and E differences were merely re- 

nore variable. 


TI Experiment IV 
Ne " 
at aa = experiments demonstrated 
more eh roy es Ss, the right ear is 
JUNE eem by disruptive DAF than the 
Pris. cbe appropriate conditions 
“Planation e stimulation. Two different 
аг prefe s seem possible: one based on 
Underlyi; fence and one involving 8076 
asymmetry mechanism such as cerebral 
Siven S D if it can be shown that for a 
the 7 p causes a right-ear decrement 
has ini а е of a speech task, but 
then so opposite effect on à musical task, 
Metry a aspect of hemispheric asym- 
designed сага Experiment IV was 
Е So Skat examine this question. It was 
Оша be whether left-right differences 
Ша am mu under conditions involv- 
n ucted 5 DAF with attenuated аг 
Е to the opposite ear- 


Methog 


th 


4 
А Phar, 
ып $ paea Revox tape recorder, Model 
as close Шауа to give a delay of - sec. This 
о that considered maximally disruptive 
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for spe { 
ркы 1963) and was found, in a pilot 
Hide cem ha: E for piano playing 
played ona Danemann pide e Де music Waa 
phone placed on the lid Th de with thee 
read at the piano with d E uem was 
both placed on the Li ee a the microg ои 
tape recorder was fed to one of eee We 
domes with TDH39 headpl agairt Neg Ашан 
шала, nm paler ір hones; as in the earlier ex- 
in go dire аара ee so that for 
db. were obtained on a Cages n 50е 
sound level meter, Type 2203 " jaer pee 
, Type 2203. There was no in ut 
to the second headphone which thus pei i p 
conducted IAF, though attenuated b m E 
2,000 Hz. and 38 db. at 8,000 Hz., to reach ond a 
Material.—The same prose passage as in рге 
experiments was used. The Ss were allowed to 
choose their own music provided it had a fairly fast - 
tempo and could be played at different rates. М Th 
music chosen included such varied pieces as “Cho t 
sticks” and a Bach Minuet. Passages taking about 
60 sec. to play were chosen. Four Ss played from a 
script and four from memory or by ear. i 
Procedure. —Eight paid student Ss, 2 males and 
6 females were selected on criteria similar to those 
in the previous experiments. In addition, all could 
play the piano reasonably well. They were given 
two practice trials on both tasks, once with the dis- 
ruptive DAF to one ear, and once to the other. 
The same counterbalanced design was employed aS 
in Exp. I with the music task replacing the word list. 
The Ss were instructed to read the material aloud 
or play their piece, as fast as possible without mm 
ing mistakes and without correcting themselves. 
For the piano-playing task they were also asked to 
try and retain the normal rhythm of the piece. 


Results 


All eight Ss demonstr 
times with the disruptive AF played to 


the right ear (5.4%) and longer playing 
AF to the left ear (6.1%). 


versals, and the 


ranged from 2.5% 
and for the spee с from 2.1% to 11.0%. 


The effect of the ear task interaction was 
significant, 5 It 


F (1, 7) =5 4, p < 001. 
can therefore be concluded that the DAF 
technique is sensitive to left-right ear differ- 
ences, and that the direction of these de- 
pends upon the nature of the 


task, and that 
attenuated ТАЕ will suffice as à competitive 
input. 


ated longer reading 


times with the 


DISCUSSION 


These four experiments examined the effects 
of DAF, under conditions of dichotic input, 
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with right-handed Ss. They were more af- 
fected by the disruptive DAF when it was pre- 
sented to the right ear in a speech task and to 
the left ear in a piano-playing task. In the 
speech tasks, the competing input to the op- 
posite ear varied from long-delayed feedback, 
nuated IAF, to con- 
Only in the last case 


hemisph 
somewhat hazardous 


sodium amytal into the 
Rasmussen, 1960). 
findings relating to f 
were summarized ea 
actual cases of reye 


ere, avoiding the 
method of injecting 
carotid artery (Wada 
However in view of the 
amilial sinistrals Which 
tlier, the frequency of 
tsed dominance seems ques- 
tionable. [t is possible that the magnitude of 
the left-right percentage differences in the two 
tasks might, nevertheless, reflect the extent to 
Which one or other cerebral hemisph i 
Ponderant for а particular task, Т is would 
be in accord with the claim of Sperry and 

azzaniga (1967) that both hemispheres may 
subserve some speech functions, though the 
differences are 


More manifest when vocal ex- 
Pression is involved. 


The findings relatin 
the contralateral 

either in terms of а model involving E 
of ipsilateral input or j 

attentional tendencies, 
Suppression model 
Partially or completely, of 
Way by the contralateral, 

paratively small though sj 
ences obtained and Rosen 
ings, the ipsilateral s 
appear partial, 
signals on the two ch 
the word-list conditior 
there might have been 
suppression, Kimura (1961 
Kennedy and Sh 
quire complete 

left-ear input to 
occurring vi 


of 


The contralateral- 
5 the Suppression, 
the ipsilateral path- 
In view of the com- 


iffer- 


К nt 
Ipsilateral 


and Studdert- 
ankweiler (197 


70) seem to re- 
ipsilateral Suppression, with 
the left cerebral hemisphere 
a the right hemisphere and the 
corpus callosum, They assume the informa- 
tional losses to occur during this transfer, The 
same interpretation is demanded by Geschwind 
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н They report 
(1970) and Milner et al. (1968). к. d p. 
the case of a callosal-sectioned patie т eii but 
cessed monaural left-ear input per Sed was 
could identify almost nothing when Bryden 
competitive right-ear stimulation: - suggest 
and Zurif (1970) reviewed evidence lv record 
that such patients may eue dichotic 
from their left-ear inabilities Б TE 
stimulation. They invoke an AT cone Я 
similar to the attentional model to ids comes 
ered below. Possible support for ene show 
from Sparks and Geschwind (1968), pe de- 
that the weakening of the left-ear ip in the 
pends upon the nature of the o ear are 
other ear. As the sounds in the ngh erform 
gradually distorted from speech, the р roves: 
ance on the left ear progressively ae сал 
This could explain the absence of a ae Exp: 
ear effect with contralateral white noise 
II. А 
The attentional model assumes Qe pee 
is largely or entirely located in the le ла 
Phere and that the latter still main nitoring 
phylogenetically ancient role of mo went! 
events to the right of the body. ape на 
When S attends to a speech task, Ба Kins 
easier to attend to the right ear ied сот“ 
bourne, 1970). The Ss spontaneous m chat 
mented in the "eriments reported her ipti 
it was more difficult to ignore the disrt d 


vg, @ 
DAF to the right ear for the speech pee 
to the left ear for music. The aiten ene 
model would Suggest that left-right differ uire” 
would be a function of the nature and ry ites 
ments of the Overall task. Darwin (1971) Sion 
evidence to show that for dichotic present 
of vowels, the right-ear advantage ш. un 
in the Presence of acoustic and phonem may 
certainty and that a left-ear advantage 
occur for th 
musical co 


ech 
b 


only 


fy 
ec 
3 P x spe" 4 
ne same stimuli in а поп! ef 


text, P 
(ех. For a speech СОО тай cd 
es can be correctly ex 0 


relate 
Sphere, but can only be e che 
bhonemic features in а verbal context ni & 
left hemisphere (cf. Studdert-Kenned? 
} 


S hankweiler, 1970). 


a 
9 ict 
ne attentional model would pred 1 
greater ear diffe 


ome 
rence in Exp, If than in pu 
since the [AF should have been тоте how 
attended to than the 1.2-зес, DAF. This pe 
ever was not the case. Neither model lige 
dicts a left-right difference in Exp. Ш sati 
noise neither provides а no 
ive channel to attend to routh, 
""PPressing the ipsilateral Pae of 
Two studies + orted since the completi? ine 
nt experiments sought to deter 


у 
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Whether, in a shadowing task, Ss could volun- 
a ignore the effects of disruptive DAF in- 
m the nonattended channel. Rob- 
Danke 70) found that they could not, while 

D er (1970) obtained the opposite result. 
кы ie pn it is felt that an explanation 
ROTG d \Е oth cerebral asymmetry and atleast 
satis ^i ge of attention is intuitively more 
Pie and seems to accord better with the 
invaly acts. Speech and piano playing always 
bated M air-conducted, if not bone-con- 
dis à eedback ; therefore, it will not be pos- 
ed pudetermie whether left-right differ- 
RAP Rs obtainable in a purely monaural, 
stilo ae situation, unless some task is 
mob yed where the sound originates and is 

ified electronically. 
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The experimen 
volving one or more 
tion problems were so! 
problems. 
more time to solve than the prob! 
also differed in the numerical 
problem, by the smaller num 
These variables were complexly 


Most educated adults can solve, without 


15 of paper and pencil, equations in- 
on rd. one or two arithmetic operations 
atively small numbers, but little 

on this 


eg appears to have been done 
follow cognitive skill. For example, 
bers peel equations, use similar num- 
assum a the arithmetic operations are 
үн to be addition, subtraction, multi- 
tive] Топ, and "negative addition," respec- 

8 Yi 3x = 8; В — 5 3:300 c з 
теди 3. Negative addition problems 
only € subtraction for their solution, but 
O d values are indicated in the 

to ашы One purpose of this study was 
our t праге the solution latencies of these 

A ypes of problems. 
timo purpose was to examine the 

| ied ied to solve problems that com- 
| Bert or more of the simple arithmetic 
Peor One combination of two single 

(x) ол problems such as 3 +х = 8 an 
Droble, 40 could be the multioperation 
ре m, 8(3 +x) = 64. If the multi- 
Mage on problem represents a simple sum- 
Single, of the solution processes for the twa 
reino angi problems, then the -—À 
m пей to solve the multioperation prob- 
е а equal the sum of the ape 
|. i to solve the single-operation prob 
Чака This prediction tenuously Lecce 
Out t he time to read in, solve, an р‹ : 
he solutions to the two single-operatio 


the 
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t measured latencies as соев 
arithmetic operations. 
lved more quickly than negative 
All of the problems testing multiple 
lems testing a single operation. 
values assumed by 
ber given in the problem, and by the unknown. 
related to the solution times. 
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Indiana University 


e students solved problems in- 
Simple addition and multiplica- 
1 addition or subtraction 
arithmetic operations required 
The problems 
the larger number given in the 


s approximates the time to read in, 


problem 
d report out the solution of the 


solve, an 
multioperation problem. 

The solution times of these types of 
problems also may be influenced by the 
numerical values stated in the problems. 
Moyer and Landauer (1967) and Restle 
(1970) demonstrated that solution latencies 
were affected by the difference between 
quantities stated in the problems. Moyer 
and Landauer's Ss identified the larger of 
two single digits, @ or b, and Restle's Ss 
indicated the larger of two quantities, 
(a 4- b) or c. In both experiments, the 
latencies tended to increase as the differ- 
ence between d and b decreased, except, in 
the Restle situation, when а = b. When 
a = b, the latencies were as short as with 
maximal differences between a and b. These 
studies used college students as Ss. 

When elementary school children solved 
simple addition, subtraction, and multi- 
plication problems, Suppes, Hyman, and 
Jerman (1967) reported that magnitude 
variables such as the value of the sum and 
of the smallest addend in addition problems 
did not predict performance as satisfac- 
torily as the total number of steps assume 
to change the problem to canonical form 
and to perform operational and memorial 
steps. The discrepant results may have 
been produced by differences in the tasks, 
Ss, or the particular magnitude relation- 
ships used. However, the extent of the 
effect of magnitude variables upon adult 
performance seems ambiguous and the 
interaction with various arithmetic opera- 
tions has not been explored. Consequently, 


94 


the magnitudes assumed by the numbers 
given in both single-operation and multi- 
operation problems were varied in the 
present experiment. 


Lastly, the position of the unknown 
varied because Groen (1967) and Suppes 
et al. (1967) found that the latencies were 
longer when the unknown was in the initial 


position, x + 3 = 8, than when it was em- 
bedded, 3 + x = 8. 


METHOD 


Subjects.—Sixty-three students in 
psychology courses at Indiana Unive 
pated to fulfill course requirements. 
assigned randomly to one of three st 
in the list of materials. Twenty-four students made 
€rrors on 20 problems or more. They were judged 
to be noncompetent arithmetically and their data 
were discarded. The remaining 39 Ss contributed 
the results presented below, 

Materials —Each S was shown six sets of 20 
problems. The six sets differed in the values assigned 
to the three magnitude variables: the unknown (x), 


the smaller number (Small), and the larger number 
(Large). One value was determined for each of the 
magnitude variables to be used in all problems of 
one set. The number to the right of the equal sign 
varied within the sets to satisfy the required arith- 
metic operations. The values used for the 
were, in order of x, Small, and Large: Set A = 2; 
6/8; Set B = 3, 2,5; Set C 24/3, 7; Set D 5; 
3, 8; Set E = 6,5, 11 et F 3 

Each set contained 20 problems a. 
followed identical formats for each s 
"Table 1, eight problems comp 


introductory 
rsity partici- 

They were 
arting positions 


Six sets 


ї 


1 


nd the problems 
et. As shown in 


ty npared simple addition, 
negative addition, subtraction, and multiplication 
each opera- 
the unknown. 


operations. The two problems 

tion differed only in the placement of 
Thus, for the addition problems, x 
(Problem 1) or was in the initial positi 
2). Problems 3 and 4 tested. negat 
Problems 5 and 6 tested subtraction 
and 8, multiplication, 

The last 12 problems dealt w 
arithmetic operations, Problems 9-12 
the effect of multiplication of 
indicated either addition or пера 
unknown occupied the first or second 
the parentheses of the quantity. 
presented multiplication of x bya quantity 
either addition or subtraction of L 
The positions of Large and Sm, 
= theses varied, 


testing 


ith combinations of 


compared 
„а quantity that 
itive addition, 


„arge plus 
tion of y by 


addition of L The Position of x 


а arge, 
varied. 

The 120 equations were randomized and ty 
three columns of 40 equa 


í ped in 
tions on a memory 


drum 
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А S лаага 
tape. The latencies were measured by mms 
Electric timer. The timer was activa erus 
taneously with a single pulsing of the pud wae 
by E's depression of a push button. The 
stopped by S's pressing his push button. e. 

Procedure.—Al Ss were Shown taren kor the 
equations printed on 3 X 5 in. cards, уе drum 
120 equations were displayed on the met reseed his 
tape. Each equation was shown until < iiem ке. 
push button to indicate he knew the bos epee 
He spoke his answer aloud. Accuracy Pons 
were stressed in the instructions. No correc 
feedback were given. 


-orrect 
Scoring.— he mean latencies for UL 

responses (success latencies) are given in more 5 
Each entry was based on scores from 27 or oblems 
The errors tended to be associated with the pr means 
that had longer success latencies; hence, the E. 
in Table 1 present a conservative estimate addi- 
differences. Most errors occurred on negative anii 
tion problems because 5 did not state the 
sign. The entries do 1 


xtencit 
s latencle 
sec 


prob 
For example, the longest success latency ОП it 

11.87, was excluded 
exceeded the next clos 
3 sec. 


such de 
It was assumed that sued 
latencies arose from failures to attend imm 
or from anticipatory responding by SS. 


RrEsuLTS 


А гор” 
Success latencies, Problems 1 to 8.—1 


vin£ 
lems 1-8 Compared the speed of solvi 
simple addition, 


Й 
negative addition, : 
traction, and multiplication problems к si* 
function of the type of operation, Ше 
number sets, and the position of the are 
known. Instead of doing a least-sq". e 
analysis of variance, missing scores " 
filled by the 
each set, 
facilitate s 
tivity of tl 
The me 


This procedure was Ballons. ir 
ubsequent analyses of the ? 

10 
ап success latencies for addi tig 
(2.28) and multiplication (2.33) were Г 
bly faster than those 
(2.86) and Subtractio 
= 82.54 (all 
indicated), 
tion was sig 
for any 


for negative ac 
n (3.33), F (5, 5. 
PS < .01 unless Mod 
The mean latency for вир в 
nificantly slower than the ™ 


i А yk 3 
other Single-operation proble! іХ 
The me 


e 
ап success latencies for B 90) 
number sets also differed, F (5 го” 
= 13.93, primari 


arily because Set B's P oV 


г 
lems were solved more rapidly than P 


em | 

means for each problem i, 
. К, 5. | 

1 single-operation problems: , g 


dition 


с 
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TABLE 1 
PRonLEM FORMATS, SAMPLE Е: V 
s, SAMPLE PROBLEMS, AND MEAN Success LATENCIES 
Proble: 
Bor Problem format Sample problem oS ee 

Met X-over 
ыен set A | Set B | Set C | Set D | Set E | Set F . 
Жа Small + x = Large 2 5 2.26 | 2.34 | 2.54 | 2 
Sand 6 Large + x = Small 5 2 302 | 249 | 2.74 218 га | ae T. 
T Large x Small 5 2 341 | 2.88 | 3.06 а 235 352 HS 
9a arge (x) = a 5 5 238 | 1:96 | 230 | 2 107 | 264 | 2. 
T UA s Large al sum [5 J =25| 398 | 422 037 | x38 697 ren e 
3a 2% | Small (Large +x) =а 12 4 497 | 5.79 7.32 | 5. 5. 5. 3 
15 ana 16 x (Small + Large) = a | ¥ 21| 4.52 | 3.20 338 $n 23s 328 138 
17 ава 19 x (Large — Small) =а:|х 9 320 | 4.76 | 3.72 3.19 4.26 $05 379 
19 anq 20 Large (x) + Small = а |5 17| 5.57 | 3.76 | 5.57 3.80 | 5.94 5.02 19i 

20 | Small (x) + Large = a | 2 17| 334 | xo6 | $56 | 6.12 | 588 | 6.16 $3 
Š 3.78 | 3.54 | 4.05 | 3.81 | 4.88 | 3.98 
. = 5, and Small = 2; for Set C, x = 4, Large 


d Small = 6; for 
— 8, and Small — 


Note.—For Set A, X 22, Li 
for Set D, x = 5 


ssumes a nega 


The latencies 


len 
15 of other number sets. 
did not differ 


fo 
= Pt number sets 
дыш Ape of problem interacted with 
atencie, wn F (15, 570) — 8.88. The mean 
addition id not differ for the six sets of 
subtract; problems. On multiplication and 
Seres n problems, the mean latencies 
or ie se from Set B to Set F, and 
Yielded the | addition problems Set B also 
he high eq" ca mean but Set E produced 
What i These results deviated some- 
tude ү МУ predictions made by the magni- 
Nori ees, Small and Large. 
Success i would predict that the 1 
Dumbe atencies should differ for the six 
Ше мл sets, corresponding to increases in 
ales assumed by X. Small, or Large 
detive Increases in various relationships 
tom m the given values. The increase 
Proble. et B to Set E for negative addition 
ude ms corresponded to a single magni- 
rom "ne p. Large, and the increases 
a et B to Set F for the multiplication 
agree problems would have been 
хапа i by a summation of the values а 
n ex arge. No other relationship yieldec 
1 pected maximum latency for Set 
an, he interaction between type of problem 
x position of x was significant, F (3,114) 
for 1.24, subtraction requiring more time 
Solution when x was in the initial pos! 


These 
mean 


аге = П, and Small = 5; for Set F,x = 8, 


tion (X = 3.72) than when it was em- 
bedded (X 2.94). The position of x did 
not differentially affect the three other 
types of problems. 

Success latencies, Problems 9 to 12.—The 
problems requiring addition plus multipli- 
cation (9 and 10) were solved more quickly 
(X = 4.11) than the problems involving 
negative addition (11 and 12, X = 5.85); 
F (1, 38) = 38.69. The type of problem 
d with the number sets, F (5, 190) 

because Set E produced the 
aean latency for addition and Set 
C, for negative addition. Set A yielded the 
shortest mean latency for both types of 
operations, but the differences between the 
means for all sets except those producing 
the longest latencies were not statistically 
significant. 

The magnitude variable, Large, would 
have predicted the long latency for Set E, 
but neither Large nor the other magnitude 
variables indicated that Set C should yield 
long latencies for any of the problems. 

The position of x interacted with the 
problem types, F (1, 38) = 8.05. Solution 
speed was faster for addition problems 
when x was embedded (Х = 4.65) than 
when x was in the first position within the 
parentheses (X = 4.77), but the opposite 
was true for the negative addition prob- 
lems. These problems were solved faster 


interacte 
= 21:97, 
longest n 
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when x was in the initial position (5.62) 
than in the second position (6.08) within 
the parentheses. | 
Success latencies, Problems 13 10 16.—The 
problems requiring addition within the 
parentheses (13 and 14) yielded longer 
solution latencies (4.58) than the problems 


requiring subtraction in the parentheses 


(15 and 16, X — 3.79), F (1, 38) — 41.40. 
Both types of problems were easier when 
Large preceded Small within the parenthe- 
ses, F (1,38) = 6.15. The type of problem 
and the order of Presenting Large and 
Small did not interact. 

The number sets also yielded different 
Success latencies, Р (5, 190) = 67.03. Set 


E had reliably longer success latencies than 
any other sets. 


17 to 20.— 
ted that x was to 
and added to Small, 


mean latency (4.94) 
than Problems 19 and 20, which multiplied 


x by Small and added Large (5.37), F (1, 38) 
“= 10.86. 


The average Success latency for the six 
Sets varied, F (5, 190) — 16.16, and the 
interaction with problems was reliable, 
F (5, 190) = 5.36. Problems 17 and 18 of 
Sets B and D required shorter solution 


times than the Same problems of the other 
sets, and Problems 19 and 20 of Sets B and 
A were solved Significantly faster than the 
same problems of other Sets. The success 
latencies of the other sets did not differ 
among each other for either Problems 17 
and 18 or Problems 19 and 20, nor did the 
) placement of x produce differential Success 


м, 


latencies, 


TABLE 2 
TESTS ron Abpitiviry 


Comparison Success latencies 
Single- Multi- " 

Operation operation Predicted Observed 
147 9 4.78 4.60 
1+7 18 4.78 5.01 
247 10 4.58 473 
2+8 17 4.45 4.81 
347 11 5.16 6.00 
447 12 5.35 5.63 
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Additivity.—A last question — E 
whether the success latencies rp icta 
solve multistep problems could be pret npler 
accurately from the performance on ee. | 
problems that represented componen Ww 
of the complex problems. For ехашр those 
addition of the steps of Problem 1 to ed to 
of Problem 7 yielded the steps Wwe 
be required in Problem 18. The ae sum 
between the latency predicted by the id 
of the mean latencies on Problems 1 Мет 
and the mean latency obtained on Pro es 
18 were computed for each S on each n v 
ber set, and an analysis of mp а 
applied to the differences, The differ e 
between the latencies predicted we 
Simple summation of the two parts m 1 
sented by the latencies on Problems 1 3 di 
and the mean latency for Problem 1 The 
not differ significantly, 7^ (1, 38) < 1. me 
same type of comparison was регіо! phe 
for the problems given in Table 2. case: 
value of F was nonsignificant in each dif- 
However, for each of the analyses S е 
ferences between the number ae i not 
reliable, indicating that additivity di 
hold for all sets. 


Discussion 


The results in 
met: 


tim 


. he 
z " arit 
! dicated that different ths of 
1С operations require different leng пре 
en when similar num" y, 


е 
8 
e 
Е. 
© 
5 
u 
© 
= 
© 
3 
а 
о 
a 00 
сп 
ot 
w^ 
op 
a 


han negative а be 
? problems, As would b co 

» the latencies to solve problems ей 
ing multiple arithmetic operations exc! а jo? 
the latencies Tequired to solve single-ope" with 
Problems, he multioperation problems pie 
the form x (Large — Small) had the EO en 
mean success latencies, and the longest Small 

cies were Produced by the format 5 WP 


e i 
(Large +x) when Negative addition W 
the parenthes, 


The data 


ә ¥ sinb, ү 
ў UCcess latencies required for S! fje 
operation pr, i 


the latency for multioperation problems: | ro 
failure might have occurred because d d j 
cessing of the Problems actually was NOM ge | 
tive or because ү е comparisons confOU" (рё 
Input-output t 


Ф : [uU 
imes with the latencies 
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mental operations involved in solving the 
problems. The sum of the latencies for the 
Single-operation problems included two sets 
of input-output times, while the latencies for 
the multioperation problems contained one. 
Furthermore, it is possible that S occasionally 
forgot partial solutions and had to repeat his 
Solution process and that idiosyncratic methods 
for solving combinatorial problems also in- 
fluenced the solution times. 

The six number sets yielded different success 
latencies, although the ordering of the number 
Sets varied from problem to problem. The 
Number Sets x Problems interaction indi- 
Cated that no single magnitude variable or 
relationship between the variables satisfac- 
torily predicted the latencies, for if such 
Variables were the sole determiners, approxi- 
Mately the same ordering of the number sets 
Would be found for each problem. 
| Large magnitudes of the component num- 
Pers may affect the latencies by overloading 
the memory of S. This notion would be con- 
Sistent with the frequency of Set E, with the 
Sreatest value of Large, to elicit the longest 
Solution times. If it is further assumed that 
s various problems also depend upon mem- 

TY, these two characteristics of the equations 
Would have an interactive effect upon the 
Solution times. 
in E problems could be related to memory 
сар пе following way. Suppose that arithmeti- 
cally competent adults have stored arithmetic 
Esca which they may consult as they would 
d Other stored memory. The memory facts 

ight vary in accessibility, necessitating 

?nger searches for less accessible facts, such 


as those involved in negative addition and 
subtraction. The longer solution latencies of 
the multioperation problems might result from 
the memory searches plus the extra step of 
holding a partial solution in memory. 

The position of x affected performance on 
only afew problems. Solution was faster when 
x was embedded in simple subtraction prob- 
lems and in multioperation problems which in- 
cluded addition in the form Large (Small + x). 
In the multioperation, negative addition prob- 
lems, Small (x + Large), solution was faster 
when x was the first entry inside the parenthe- 
ses. In general, arithmetic problem solving 
by adults did not appear to be as sensitive to 
the placement of the unknown as problem 
solving by the elementary school children of 
Groen (1967) and Suppes et al. (1967). 
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MITRI E. SHANAB ! 


Fresno State College 


Following 
delay of re 
to continuous delay for 28 tri 
phase the partial reward 
the continuous reward group. 

A. Amsel's new theory of persist 


als. 


ence. 


Amsel (in press) recently proposed a gen- 
eral theory of persistence that treats the par- 
tial reinforcement effect (PRE) as a special 
case. According to this theory, all anticipa- 
tory frustration or punishing events initially 
interfere with the ongoing goal-approach 
response, but later become countercondi- 
tioned to the goal-approach beh 
"Thus frustration produced 
reward (Amsel, 1958), or partial delay of 
reward (Donin, Surridge, & Amsel, 1967) 
and fear produced by partial punishment 
(Banks, 1966) all result in a PRE reflecting 
à dimension of behavior which Amsel (1969) 
identifies as Persistence. Persistence is 
assumed to develop whenever an organism 
learns through counterconditioning to main- 
tain an ongoing response in the presence 
of any kind of cues which usually evoke 
competing or disruptive responses. This 
implies that persistence effects 
specific to particular stimuli but can trans- 
fer to other similar stimuli. Thus Amsel 
(1969) has Proposed that persistence ac- 
quired under one disruptive situation 
would transfer to another disruptive situa- 
tion. However, the degree of such transfer 
remains to be determined, 

Several lines of eviden 
some significant transfer takes place be- 
tween fear and frustration (cf. Brown & 
Wagner, 1964). In the Brown and Wagner 
study, the transfer reported was not com- 
plete in that during extinction, the partially 
reinforced group was significantly faster 
than the Previously punished group shifted 
to nonreward, However, under conditions 

1 Requests for г 
E. Shanab, De 
State College, 


avior. 
by partial 


are not 


Ce suggest that 


eprints should 
Dartment of 


be sent to Mitri 
Fresno, Californi 


Psychology, Fresno 
ia 93710. 


56 trials of training under either continuous reward, €— 
ward, partial reward, or partial delay of reward, all Ss were shifted 
It was found that throughout the shift 
and partial delay groups ran significantly faster than 

The results were interpreted as supporting 
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of continuous reward and punishment 
neither group was significantly diffe che 
from the other, although graphically E. 
punished group appeared to aun rein- 
sistently faster than the partially 
forced group. Je 
A ПЕ args was made by n. 
and Amsel (1970) to test the amoun Ф. 
transfer that takes place between, a 
different frustation-producing ape я 
partial reward versus partial goal biper s 
The procedure used for goal blocking er 
to cover the food cup with “highly Pis 
forated" Plexiglas, making the food ne 
accessible yet tantalizing. The strong S 3 8 
of inaccessible food could have acted ао 
a punishing condition, thus accounting ^ e 
the lack of complete transfer as was "е 
case in the study of Brown and Wag" s 
(1964). It is conceivable that the lack 


‚ Glaze 
complete transfer was due to what € 
and Amsel c. 


alled "different but overlapP ig, 

Systems controlling persistence 2. Па? | 
311]" This implies that if more vir 
Systems are used, more complete кар 
would take place, 


^ | the 
The present study sought to test 


rÊ 
Par А eg" 
aboye implication by measuring the d E 
of transfer betw 


ing conditions, 
partial reward, w 


cen two frustration-pro Р | 
viz. partial delay Е е 
hich are assumed to ^7, | 
more similar underlying systems than : 
previous punishment and goal-blot 
conditions, To pe sure, delay coulc К, 
considered Punishing; however, t? 


extent that all trials under either continu? 
or partial delay 
ness of delay 
to a гери] 


T 
ive 
are reinforced, the ayers е 
might be attenuated rel: 
ar punishment procedure ' 


NE: 
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electric shock or the “see-but-do-not-touch” 
goal-blocking procedure. 
эн the foregoing reasoning is valid, then 
E: previously receiving either partial reward 
a delay of reward would run 
i mica faster than a continuously 
ee ed group when all Ss are shifted to 
Ert um delay conditions. Moreover, 
la i^ ete transfer would be reflected in a 
ck of difference between the two partial 
groups. 


METHOD 


isted of two phases. In 


ATTS study cons i э pha: 
Ss eod M x2 design was used in which different 
delay cues „Пер continuous reward, continuous 
reward Е E partial гез: d, or partial delay of 
conditic n Phase 2, all 5s received continuous delay 
cluded ons, The continuous delay group was ans 
about he the design mainly to provide information 
‘Suter, durability of the transfer effects. 
Spra, s were 40 male albino rats of the 
at ae Jawley strain, approximately 90 days old 
beginning of the experiment. 
Apparatus.—A 1.5-m. runway made of unpainted 
y was covered with 
Start | h throughout. The 
fh cn W% was 18 cm. long and 17 cm. wide, while 
ава! box wi 5 30.5 cm. long аг 5 
ч зды ip Чоп was 10 em. wide. Four sets of 
tion SE es were installed in the runway: Interrup- 
and/or ie d of the four photobeam could start 
Which 1 SSOP one of three Standard Electric, timers 
and s measured start, run, and goal times. The first 
21 Second photocells were located 6.4 cm. and 
thirq bs from the start box, respectively. The 
bx A ge was located 103 cm. from the start 
within à the last photocell was located 11.4 cm. 
Peas ie goal box. Only run times were recorded. 
Were T ure.—Upon arrival from the supplier, „58 
w ы арен on free feeding for 3 days, following 
rats BY Sana for the duration of the experiment, the 
ay Wa placed on a restricted ration of 12 gm. per 
Dow "ater, however, was available all the time. 


Du i М ~ 
Жазу the first week of deprivation, each S was 
ndled and encouraged to eat four 45-mg. об 

ised 


ass cup later t 
handling perioc, 
runway for 3 min. 


pe 
Sp from a 10-cm.-diameter gl 
each 5 goal box. Following this 
Der dà w allowed to explore the, 
d tiga for 3 days. No food giv | 
о ade exploration, and all circuitry was tu 
3*5 ae S to the various noises of the eat 
Start, wing the exploration | period, Phase 
ed and lasted for 56 trials. On the f 
hase 1, each S received two d 
fou din to its group. Thereafter, 
daily trials. The reinforcer con | 
- Noyes pellets. For Ss in the partial delay 
partial reward groups, à quasi-rando 
се forcement was constructed such tha 
ved an equal number of rewarded an 


en in the runway 
irned on 
iipment. 

] was 


cec 


at each S 
а non- 


rewarded (or delayed) trials, with the restriction 
that no more than two rewarded or nonrewarded 
(or delayed) trials occur in a row. On either non- 
rewarded or delayed trials, S was confined in the 
goal box for 15 sec. On nonrewarded trials, an empty 
glass cup, which was different from the regular food 
аз used on rewarded trials, was placed in the goal 
e s delayed trials, 5ran to an empty goal box, 
ind 15 sec. later, the baited cup was lowered into 
the goal box. For Ss in the continuous reward group 
each trial was rewarded. The Ss in the continuous 
delay group received the same treatment as Ss in 
the partial delay group on delayed trials. All Ss 
were removed from the goal box following consump- 
tion of the food reinforcer. 

In Phase 2, all Ss were delayed 15 sec. on each 
of their four daily trials. The procedure used was 
identical to the one used in Phase 1 on delayed 
trials. In both phases, the intertrial interval was 
approximately 10 min. Phase 2 was continued until 
each S had received a total of 28 trials. 


RESULTS 

All analyses reported here are based on 
mean run speeds. 

Phase 1—A visual inspection of ter- 
minal speeds indicated that the groups 
were performing at à stable level. This 
conclusion was supported by an appropriate 
analysis of variance test with repeated 
measures over the last three blocks (12 
trials). Both the schedule and the delay 


effects were significant, Е (1, 36) = 6.81, 
and F (1, 36) — 


р < .05, for schedule, 

13.29, p< .001, for delay. The Schedule 

x Delay interaction Was significant, 
The effect of 


(1, 36) = 44.55, p < .001. 
blocks was not significant, Р (2; 12)5 
1.34, p > .05, indicating stable perform- 
ance for all four groups over the last 12 
trials in Phase 1. None of the three in- 
teractions with blocks was significant. 
Tests of simple main effects revealed that 
Ss in the continuous delay group ran 
significantly slower than Ss in the other 
three groups, FG, 36) = 53.25, F (1, 36) 
— 19.55, and F (i 36) = 43.09, all 
ps < .001, for the co the 
continuous reward, рғ \ and 
partial delay groups respectively. No 
other comparisons were significant. 
Phase 2.—As can be seen in Fig. 1, the 
partial reward and partial delay groups 
shifted to continuous delay showed only 
a moderate decrement in mean run speed, 


mparisons with 
irtial reward, 
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BLOCKS OF FOUR TRIALS 


Fic. 1. Mean run Speed as 
Írom either partial delay 
(PR), or continuous rewa I 
delay of reward (CD), (Block 


shift asymptotic levels of the four experimental 
conditions.) 


while the continuously rewarded Ss showed 


a considerable decrement jn performance 
which apparently undershot the level of 


the continuous delay control group. The 
results of the an is i 


ariance test 
on the mean run spee 
phase reve 


interactions 


‹ with the 
gnificant 


Te s beyond the 
amination of Fig. 1 Suggested 


interactions were probably 
the initia] tl 
efore, tw 


that these 

restricted to 
Phase 2, Ther 
of variance with repe 
performed on the mea 
first three blocks а 
of Phase 2, Tj 
showed that 
factors were 
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2 36) 
p < .001, for schedule, and А d dé 
= 4.46, p < .05, for delay, as oa 36). 
Schedule X Delay interaction, F (1, 


yas 

= 18.33, р < .001. The locks — ‘05: 
also significant, F (2, 72) = 3.94, f inter- 
Both the schedule and delay factors 
acted significantly with the bloc РЭ (2 72) 
F (2, 72) = 5.14, p < 01, and ^ fe $ 
= 4.64, p < .05, rëspeciivehp. Se in the 
simple main effects showed that "canti 
continuous delay group ran pienia con 
slower than comparable Ss in m" , 
tinuous reward group, P (1, 36) A 20.08, 
the partial reward group, F (1, 36) E тор! 
as well as Ss in the partial delay P тег 
F (1, 36) = 36.18, all ps < .001. No 
comparisons were significant. k with 

Because of the interaction of bloc mn. 
both delay"and schedule, F tests of 2 tha 
effects were performed. It was wem 
the continuously rewarded Ss UEM the 
greater performance decrement tha: 9.95; 
partially rewarded Ss, F (2, ан. 
P < .001, whereas по significant d twi 
over blocks was detected between th f the 
delayed groups. Further, the speed о at? 
continuously rewarded Ss decrease изЇў 
faster rate than that of the pci ju 
delayed Ss, F (2,72) = 8.53, p < .00 "сей 
no such difference was obtained betW e 
the two partial groups. Moreover aie | 
continuous reward group showed a gr eto | 
performance decrement not only cle ЫП | 
the partia] reward group, but also relė 


с 
to the partial delay group, F (2, 72) = á 
P < .001 


гало | 
analysis of vand і 
test оп the data of the last four bloc* ule 
hase 2 showed a significant gehe ll | 
effect, F (1, 36) = 48.77, p < .001, aS „ 
as а significant delay effect, F (1, 3 in 
SA6, р 05. The Alios эг Delay ere 
teraction was not Significant (F < Decal | 
blocks effect was clearly not signi ad | 
(F « 1), indicating that the groups a of 
reached a Stable leye] of performance 6 | 
the last 16 trials of Phase 2, None © A 
ensuing interactions was significan 
е oe de Buda e c D ele! | 
i i nd Е < 1, for both the a D | 
d the Schedule X Dele» " 
actions. Individual compari 


The results of the 


POSITIVE TRANSFER BETWEEN DELAY AND NONREWARD 


owed that the continuous reward group 
E cse slower than both the 
ba | reward group, Ё (1, 36) = 23.98, 
45.49 г: partial delay group, F (1,36) = 
i sos both ps < .001. No significant dif- 
i e found between the continuously 
hus гэ І апа е continuously delayed Ss, 
Son попе ар the graphical "depres- 
Eel. which appears in Fig. 1. 
difer ic the two partial groups did not 
(1 арто from one another, P 
Ыш hn 3.41, p > .05. Finally, the con- 
E ner the delayed Ss ran significantly 
Ss, F han either the partially rewarded 
NINE d аа p < .005, or е 
Bug a s, F (1, 36) = 24.94, 
of T results of a simple two-way analysis 
Ds cae performed on „the data of 
signifi i showed that both main effects were 
йш, F (1, 36) = 2546, P < 001, 
for Hin and F (1,36) — 4.11, p < .05, 
ieri. The interaction effect was not 
sons бап (F < 1). Individual compari- 
ан 028 the groups revealed the same 
Mens obtained over Blocks 4-7. 
S ae groups Were significantly 
be ч to the continuous reward group 
delay | 1), as well as to the continuous 
Pus or (p < .01). No significant dif- 
the ie (p > .05) were obtained between 
groups inuous delay and continuous reward 
Bart or between the partial delay and 
ial reward groups. 
that шше inspection of Fig. 1 reveals 
conti; oth partial groups as well as the 
lan nuous delay group showed very little 
err ge over Phase 2 relative to their 
ninal level in Phase 1. The performance 
E, uh group on each block of Phase 2 
рег compared with the group's mean 
oo over the last three blocks of 
an 1. By Block 2, the continuous 
tien group was already running sig- 
109) ычу slower than its terminal level, 
D nr 4.31, р < .01, and continued to do 
Чем the end of Phase 2. The continuous 
d group showed no significant de- 
Ee MEE the entire phase. With the 
n S PUn of the last block, both the partial 
lo: ard and partial delay groups showed no 
8vificant decrease in performance. How- 
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ever, in Block 7, both groups ran slower 
than their terminal level in Phase 1 
1(9) = 3.10, p < .02, for the partial delay 
group, £(9) = 2.89, р < .02, for the partial 
reward group. 


Discussion 


аа ешш ME 
lier. First, positiv. hypotheses entertained ear- 

, positive transfer was clearly dem- 
ciated Wien under onto of orsi 

y , previously trained under 
ыр з 
В у faster than Ss previ- 
ously trained under continuous reward condi- 
tions. Moreover, this effect was rather stable 
as evidenced by the lack of any significant 
change in speed over the last 16 trials of the 
transfer phase. Second, a more or less complete 
as obtained between nonreward and 
delay of reward as shown by the nonsignificant 
difference in running speed between the two 
partial groups in Phase 2. 

To explain the PRE, Amsel (1958, 1962) pro- 
posed that frustration aroused by nonreward at 
first disrupts the ongoing goal-approach re- 
sponse, but later anticipatory frustration re- 
sponses and their feedback stimuli (commonly 
referred to as the rs — Ss mechanism), instead 
of evoking avoidance responses as before, be- 
come counterconditioned to the ongoing re- 
sponse and actually enhance the instrumental 
response. In extinction, when both the continu- 
ously and partially reinforced Ss experience 
frustration as a result of nonreward, the latter 
Ss continue to run, or persist, longer in extinc- 
tion than the former Ss because the partially 
reinforced Ss would have already been condi- 
tioned to make the instrumental response in 
the presence of frustration cues. In keeping 
with Amsel's frustration theory, experience 
with delay would be assumed to produce uncon- 
ditioned avoidance responses (Rp) like the 
unconditioned frustration responses of non- 
reward (Rp). At first, anticipatory delay 


would evoke avoidance or interfering responses 
echanism, à similar 


transfer w 


but, like the rj; — ss n 
mechanism, ra — $d, would be formed and 
ntal response. Under 


mediate the instrume 
conditions of continuous delay, all Ss would 


experience Rp- The Ss in the continuous delay 


and partial delay groups would have already 
learned through mechanism to 


the ra — Sd 
make the instrumental response In the presence 
Therefore, both 


of delay cues. groups should 
eventually perform at about the same level. 


3 
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A similar prediction can be made for Ss in the 
partial reward and continuous delay groups, 
on the assumption that delay and nonreward 
are governed by similar underlying mechan- 
isms. If nonreward could be seen as the limit- 
ing case of delay of reward (cf. Logan, 1960), 
then the previous assumption is quite tenable, 
and moreover, leads to the prediction of a com- 
plete transfer between frustrative nonreward 
and frustrative delay of reward, as was ob- 
tained in this study. 

In conclusion, 
three major find 
tive transfer w 


ay groups over the contin- 
uous reward groups, Second, a rather com- 


Dlete transfer was demonstrated since under 
conditions of continuous delay of reward, the 
group that previously received experience with 
nonreward on a random half of its trials was not 
significantly different from a group that pre- 


viously rec random half of its 


trials. transfer obtained 
was relatively permanent since both partial 
groups maintained their Superiority over the 

line (continuous delay) group during the 
€ transfer phase, By the end of Phase 2, 
ever, the two partial groups showed a 
tendency to converge toward the level of the 
base-line groups. It would seem th 
information would be obtained 
vestigating transfer effects 
incorporated in the design control Ss which re- 
ceive the test conditions from the beginning of 
training as was done in this study (cf, Daly, 
1969). With such contro 


l Ss, more meaningful 


entir 


at valuable 
if studies in- 
» às well as the PRE, 
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0 
nature 
statements can be made about ШЕ opera: 
transfer between persistence-produc 


tions. 
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EFFECTS OF CONTEXT ON LOWE J 
OF CONTE? JER ORD 
LEARNING IN SEQUENTIAL iu ue 
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mance of five 
here sequent 
ts of six 


Component-learning perforr 
was compared in contexts w 
or changing (Ri Rz) arrangemen 
four event lights and nature of rur 
Run-component accuracy at common 
of pattern constancy and, to lesser exter 
of a run arrangement 
but did affect trials to a training criteri 
formance in a related four-choice task 

current patterns facilitate component lea 
light positions and so d 
points. 


How do people learn sequences of events? 
e usa attend initially to gross regu- 
and m or rhythms in a pattern as Simon 
sug. „у (1963) or Neisser (1966) 
ite st, or do they concentrate immedi- 
lengt on component properties such as 
1967)» of runs (Myers, 1970; Restle, 
бесе M The S's initial approach to a 
t EUN pattern is a topic that separates 
Chin who emphasize primitive per- 
Sue eo from those who describe 
acquis; ial learning as systematic rule 
Bue i Reber (e.g. 1969), for ex- 
bán: noting parallels between sequential 
Rests T and language acquisition, sug- 
relatio hat 5 learn primarily syntactical 
Symb nemps rather than strings of explicit 
With [n But, Restle has. maintained that 
Vent binary patterns, S first learns an in- 
у rr of run stems or lower order, manda- 
sur te. Thus, the pattern BAAA, 
ang pe runs of Event A o 

Js composed of a run stem 
ipis is learned initially witl 
op tule of A= AA and two op 

Pendent upon this run stem 


h a manda- 
tional rules 
А — ААА 


leon. 
th This research was supported by à grant from 
] Sciences О! 


ie " 
Ohi ollege of Social and Behaviora 
jo thor wishes to thank 


St Ve 7 Andrew Sparks and 
* Zartman for assistance in the co 


алауы; llection an 
: ysis of data. И 
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Qo Jones, Department of Psychology, Arps Hall, 
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M rios University. The au 
4 Hara, Marvin Schreer, 
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А 


lecreasing memory-disruptive ei 


Ohio State University 


„groups (n = 16) of college students 
ial patterns were constant (C1,C2,C3) 
run lengths. Order of occurrence of 


n arrangements were also manipulated. 
certainty points was a function primarily 


nt, light order. The particular nature 


had little effect on this component-learning measure, 


Both training and transfer per- 
d an interpretation that re- 
ducing uncertainty about 
rrors at light transition 


jon. 
supporte! 
rning via re 


and AA — B). Others (e.g., Myers, 1970) 
also emphasize that 5 attends initially to 
the events within a run rather than to 
represented by arrangements 
[ light positions. The role of 
nediating component 


periodicities 
of runs or o 
higher order rules in n 
learning is not clearly specified in either of 
these latter two descriptions. Jones (1971) 
ed these issues in more detail. 
Restle and Brown (1970) de- 
for a theory involving 
by showing that or- 


ganized serial patterns were learned more 
rapidly than disjointed ones and that the 
use of lower order regularities (e-g» trills) 
did not depend upon certain higher order 
rules (Restle & Brown, 1970, p. 294). This 
theory has in common with Restle’s 
(1967, p. 323) analysis the proposition 
that rule learning proceeds from lower 
order rules to higher order combinations. 

The present study was designed to ex- 
plore the relationship between higher order 
rule context and run-stem acquisition in 
order to define more clearly the manner in 
which .S responds both to runs and to 
higher order relationships early in learn- 
ing. Five sequences used in this study 
involved different arrangements of run 
lengths in two different light-order con- 
texts. The manner in which higher order 
regularities could affect mandatory rule 
learning in such sequences 15 suggested by 
Myers (1970). Myers assumes that Ss 


has review 

Recently, 
monstrated the need 
higher order rules 
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count the repetitive events in runs and that 
miscounting errors result from disruptive 
effects of prior errors at optional rule transi- 
tion points. While Myers' theory does not 
attribute differences in transitional errors 
to higher order properties, presumably the 
mechanism of disruptive errors could reflect 
the effects of such contextual properties on 
component learning early in training. 

Specifically, if S attends to sequential 
properties such as run arrangements, light 
order, or pattern constancy initially and if 
these do affect S's ability to learn lower 
order rules, then mandatory rule learning 
should be poorer in contexts where these 
higher order properties are unavailable. 
In this study, early performance on 
mandatory rules was compared in con- 
texts in which higher order properties were 
either manipulated systematically 
unreliable. If S attends to component rules 
‘initially, then changes in higher order rules 
should not affect early lower order rule 
performance. But if S does attend to and 
use higher order cues imm 


ediately, then 
these cues could affect component learning 
in one of two we 


ays. Immediate sensitivity 
to contextual cues could furnish S with a 
specific overall structure that would afford 
S greater resistance to disruptive effects 
of short-term memory for component 
codes. This interpretation suggests that 
early in training, both accuracy and the 
conditional probability of an error on Trial 
n given one on Trial n — 1 СР(е,|е,_1)] 
моша differ as а function of contextual 
manipulations, Alternatively, S's sensi- 
üvity to higher order cues may simply 
permit him to narrow the set of alternative 
Tun codes appropriate to a particular 
event light. I effects of 
higher order r tions may 


as S learns to use 
uncertainty about 
ns. Any degrading 


or were 


directly from the diffic 
ng higher order transiti 
Ssumption that transition 
1 rm memory for the с 
Tun permits the prediction that 
of context revealed by 


has in learnir 
ons. A 


urrent 
any effects 
run predictions wil] 
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. БЕ МЕИ: ms 
be accompanied by no differences in ter 


of P(e, | e, 1). Conditional error probability | 


would decline only after accuracy at tran 
tion points increased sufficiently to perm И 
accurate encoding of some runs into long 
term memory. 


; . К пех) 
In order to examine .5'5 use of cor 


early in training, all Ss were trained E. 
criterion of accuracy on run lengths on? 
and were then transferred to a relo a 
four-choice sequence. This is consis 
with the assumption of Myers (1970) D 
Ss encode runs only at transition роси 
Higher order sequential properties W in 
varied in three ways. First, the order ur 
which S saw four event lights was manip 
lated so that the onsets of the lights, ub. 
C, D (left to right), were either in s 
Order (cycle) ABABCD or BABAC 
Second, the arrangement of six run leng a 
(k = 1, 2, 3, 4, 5, б, where k is the num d 
of successive onsets of a given light) wit? E 
a light cycle was either constant (Cu 4 
and Ci) over repetitions of а cycle 


"Thus | 
changed haphazardly (R; and Re). Thu? 


e 
Ss in Ci and those in R; received the Y 
run lengths for Light Order ABABCD: c 
for the former group the runs always ile: 
curred in the order 3-4-1-2-5-6, iw 
for the latter, run arrangements chang" 
Over repeated presentations of this x 
Order. A restriction on the R, and ly 
conditions was that Light A occurred ont 
in runs of 1 and 3 and Light B only he 
runs of 2 and 4. Condition C; represents g- 
third way in Which rule learning was nié 


amined. The pattern of run lengths in nly 
Condition was consistent with а H$ 
learned sequ 


lence of integers. Presum?. d? 
if Ss count events in runs and integer i 
their lengths, this pattern should be ©” ү, 


extrapolated and learned. Table Ф | 
lines the five conditions, ги? 

If either light Order, constancy of сї# | 
pattern, ог nature айе | 


of run pattern dv 
cor t i i con 
mponent learning, then Ss in these с 


tions should differ in their predictiv® , (o 

Curacy at certainty points correspondi?? pe 

mandatory rules Which all five condi int 

have in common, The common cert?» d 

points of interest are those involving Po | 
at which a given run continues with р" 


PECI en 4 
RECURRENT PATTERNS IN PREDICTING SEQUENCES 
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TABLE 1 


ÉzouENcE Des 
EQUENCE DESCRIPTIONS, TOTAL PERFORMA. 
THE FIVE TRAINING CONDITIONS 


LEARNING MEASURES FOR 


MEASURES, AND COMPONENT 


Training| Ses Tepic Performance at common certainty points 

СЫА) Sacose dier me Ti em [кдна General error | Continuation- | Perseverati 
бәр quae ко Еа К 

Ce Ki ; i A BiG mja y aa 511 | 224 | 256 | 143 | 183 | 358 
ч Kins 2 i B A ср sos | 9.94 | 589 | .205 | 282 | 133 | 270 | .386 
i uS 1 ; A B cb in 12.75 | 730 | .209 | 408 | .180 | 243 | .311 
Ry um ia 24 a A5 СР 55.6 | S31» | 624 | 313 | 333 | 208 | 243 | 416 
Rae ae 54i ср 66.1 оода | 727 | 264 | 346 | 173 | 300 | -408 

d Сг, respectively. 


ac 
"ycles to criteri 
^ crite " 
iterion for Cond. Ri: and Кг were matched with those of Cran 


ability e 

those. zd (run continuations), and 

Probabilit which a run terminates with 
ity equals 1.00 (run terminations). 


METHOD 


Subje - 
iden ie Ss were 96 female undergraduate 
hio State "Uni in introductory psychology at 
Assigned. e University. Each S was randomly 
n = 16), о one of six experimental conditions 
Appa Я 
я Arcs Si The S's booth contained a box with 
event lights set with a row of four different-colored 
a white four corresponding response buttons, 
Ne four aa OR ee weaned signal light. Although 
ley are ref, nt lights were not labeled on S's panel, 
| D in bea to in this study as Lights A, B, 
ЫП] er from left to right. 
Com, A ser sa was located in an adjacent 
rolled шке eight-bank program timer con- 
Within a ы and durations of the event lights 
esi Г " 
Sented i5 ; The five training sequences, each pre- 
Table i. T different group of Ss, are shown in 
Sbect Хо: he training conditions differed with re- 
Vent lig (a) two orders of occurrence of the four 
Staney [ (ABABCD and BABACD); (0) сот 
ond © run arrangements оуег cycle repetitions 
Component С», Cs vs Ri, В); (0) ‘arrangement of 
ое runs within a constant run pattern 
Bg ree et ате 1-2-3-4-5-6). Ar- 
in, ees in of runs in Cond. Ci and Ca were mirror 
2 Уе EE other with respect to Lights A 
tarned the run pattern of Ca represented à highly 
Paral, 1 number sequence. Sequences of Ri and Re 
d ae ed those of C; and Cs respectively, in order 
nether ett occurrence, but the orders of run 
tion tha in Ry and К were random with the restric- 
hat Lights A and B occur with runs of 1 an 


and 2 and 4, respectively, and Lights C and D with 
runs of Lengths 5 and 6. 

'The transfer sequence para 
ment of the training sequence 
lengths are multiplied by a fac 
of light occurrence (DCDCBA) 
is a transformation of the ord 
Training sequences of Cond. Сг, Cs, and Ci аге less 
directly related to the transfer task in terms of 
complex mediation via either light order (Cs, Ri) 
or run arrangement (Са). The order of run lengths 
in the transfer pattern was 6-8-2-4-10-12; and 
these were associated with Lights DCDCBA, re- 
spectively. A sixth group of Ss received this transfer 
sequence with no pretraining (Cond. N). 

Procedure.—The Ss were instructed to predict each 
light as rapidly and accurately as possible after 
the onset of the ready light on each trial, They were 
not informed of properties of the patterns, such as 
lengths of runs or run arrangements. The Ss had 

et of the .Ó-sec. 


1.2 sec. to respond after the ons 
hich there was an experimentally 


ready light, after № 
determined second interval before the signal for the 
next prediction. Each of the four event lights re- 
mained on for 1.1 sec. The E manually controlled 


trial onset and programmed the appropriate event 


light each trial. 
In Cond. Ci, 
they had correc 
within a pattern 
of predicting rur 
more difficult, was ignored, so 
completely learn the training } 
Cond. Rı and Ra were equated with those 1n Cond. 
C; and C», respectively, in terms of number of cycle 
presentations. Because of the sequential order of 
runs in Cs, thes Ss were treated separately. 
Following training; the five experimental groups 
e same transfer sequence. 'The former 
briefly apprised of a'change in the 


llels the run arrange- 
of Cı when those run 
tor of two. The order 
in the transfer task 
ler of lights in Cx. 


Ss were trained until 
1 run continuations 


for two successive cycles. Accuracy 
a terminations, which are typically 
that most Ss did not 
patterns. The Ss in 


Cs, and Сз 
tly predicted al 


received th 
five groups were 
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task. Transfer training was carried to a criterion of 
all correct predictions of the entire pattern for a 
single cycle. Those Ss who could not meet this 
criterion were terminated after 15 


transfer cycles 
(i.e., 630 trials). 


RESULTS 


Training—Table 1 presents different 
error probabilities at common certainty 
points across the five training conditions. 
For comparative purposes, 
errors were converted to prob 
Continuation certainty points common to 
all conditions were after one and three B 
events, after two A events, and within 
runs of Lights C and D. The probability 
of an error in predicting these run con- 
tinuations was recorded as a continuation- 


error probability for each S. Perseverative- 
error probability 


all training 
ability scores. 


was based on repetition 
responses after three A's, four B's, five 
C's, and six D's. General error probability 
(Р 6) at common certainty points included 
continuation errors, perseverative errors, 
and other run-termination prediction errors 
after longer run lengths. In all sequences, 
the correct event after the longer run 
lengths was predictable using knowledge of 
light orders within a cycle and the current 
run count. 

Analysis of varianc 
Ci, Cs with random 
number of training 


€ on Pe compared 
£roups equated for 
trials (Ry and R2). The 
main effect of run arrangement was gig. 
nificant, F (1, 60) — 1348, p< :001, but 
the main effect of light orders Was not, 
F (1, 60) — 3.00, b> .05. A more detailed 
analysis of errors revealed th 
between C and 


1 and 
and C, p 
groups were 


| | ] 1 ake continua- 
| 10n errors on lights Involving one run 
| 
| 


К, conditions than 


code (i.e., Lights C and D) th 
involving two (i.e., Lights A 
F for this m i 


ain effect was F 
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nificantly across the five conditions; ара | 
all Ss were less likely to perseverate M 
roneously on Lights C and D than а) 
the long runs of Lights А and B, Р d he 
= 50.51, р < .001. A Condition X m 
Position interaction reflected the fact E 
Ss in C groups were less likely to ra 
severate after the long A and B runs ра. 
Ss іп К conditions. A separate analysis и 
perseverative-error probability after dii 
long A and B runs indicated Ss wm. 
two conditions of Light Orders BAB SE. 
(Cond. С» and К») were more likey 
perseverate at these points than other a 
Continuation, perseverative, and Рс oa 
yses, based on marginal error Pre ng 
bilities, reveal poorer component he 
with variable run patterns. The fact t A 
more errors tend to occur in R sequen 
at true uncertainty points may — 
for such differences in that taps 
errors could cause subsequent errors tien 
ferences in marginal error probabi" -es 
might not be accompanied by differen g 
in P(esļen=1): Conditional error P he 
ability was determined for each . for 


Xe erag 
first and second half of training. Aver 


oh 
sae soe ac 
conditional error Probabilities for © 
condition 


are plotted in Fig, 1. The over 
effect of constant-run arrangements д 
Significant in а Planned comparison» |, 
(1, 75) = 19.13, p< 001, although © 
reduction in runs of errors caused by Pine 
tern constancy was most marked Dd 10 
Second half of training. This is reflecte (ef^ 
а significant Conditions x Trials inne 
action, F (4, 75) = 5.55, p < .001. . die 
Most important point to note is that 10 
effects of Tun-pattern constancy were f 1, 


ie b о 
Significant in the first half of the sess", 


Light order affected responding imme 
ately only in the 


1 

R groups, F (1, 30) = ‘i ed 

P esl. The Ss in all conditions show, 
Significant declines in p (e, | e, 1) over tf^ 

P (1, 75) = 151.54, p < 00L inf 

Other variables Contributing to lear ne 

Were examined in the performance © eef 

three c Conditions, which did not jit 

significantly іп overall error probab! a 

nor in tota 


total errors (see Table 1), altho) 
they did in cycles to criterion, F Os ad 
= 905, p <.001. The latter differ 
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60 CT 
o-——-9o c? 
c3 
50 uel cn RI 
p-——-n R? 


40| 


30) 


P(eqlen-1) 


First half Second half 


T Fig. 1. The average probability of an error on 
“tial 2 given an error on Trial n — 1 over the first 
and second half of training for the five experimental 
Conditions, 


the greater difficulty 


We "PE Я 
vas due primarily to 
A mean contrast of 


of the sequence in Сз. 
Са against the combined mean of C; and 
C» was unexpectedly significant in the 
Wrong direction, F (1, 45) = 7-84, P < 91. 
Differences among the three groups were 
small in terms of predicting Lights C and D 
and between continuation errors at those 
Certainty points common to all five groups. 
Continuation-error and terminal error prob- 
ability, P(e), after all six-run lengths for 
Cond, Ci, C, and Сз are presented in 
Columns 5 and 6 of Table 2. Error prob- 
abilities for runs on Lights A and B are 
Presented in order of ascending difficulty 
$0 that nonsignificant differences may be 
bracketed, Clearly, the probability of cor- 
rectly predicting continuations of runs of 
and B events after 1A or 2B, respectively, 
Changes with context. Analyses of terminal 
rror probabilities after runs of 1A, 3A, 
B, and 4B revealed no significant main 
fect due to sequence, but rather а Sig- 
ficant Run Length x Sequence _inter- 
ction, F (6, 135) = 3.19, P < .005. The 
run-length main effect was also significant, 


À (8, 135) = 3.95, P < .01. Results ot 
rminal error prob- 


" 

apasi analyses on te 

‘ility after runs on Lights A anc : 
outlined in Column 


New. " 
of ‘ewman-Keuls) are hi 
t Table 2 by vertical 


Sign; m 
Snificant differences. 


bars bracketing 1 
It is clear from the 
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pattern of results that the difficult points 
in the sequences are not necessarily those 
in which a run continues or branches in 
more than one way. In Cond. Ci, for ex- 
ample, after a single A event (Column 2, 
Table 2) two branches were possible: the 
next light could be either another A or a B. 
But after four successive B events, Light 
B could continue in only one way in Cond. 
С, by branching to Light A. This is be- 
cause the arrangement of run codes for 
С, was 3A-4B-1A-2B-5C-6D. According 
to Restle's (1967) analysis, terminal error 
probability for 1A should be higher than 
that for 4B in Ci, and equivalent to that 
for 1A in other conditions. This is not the 
In terms of rank order of difficulty, 
two different branches 
2) were easier than the 
other A and B runs in all conditions. 
Rather, the results suggest that run length, 
the relative position of the run in a pattern, 
and the maximum number of branches 
from a light position determine terminal 
error probability, although the manner in 


case. 
run stems having 
(Column 3, Table 


TABLE 2 

TERMINAL ERROR PROBA- 
iE THREE CONSTANT 

т CONDITIONS 


CONTINUATION AND 
BILITIES FOR TF 


RUN-ARRANGEMEN 
Maxi- P(e) 
Run, |Branches/ mum m— —— ш 
Cond. | stem |Frunstem gn. | Contine Terminal 
position | uation 

A 2 2 .1812 [74218 
ype 2 3 0752 L.4789 
Ci 4B й 3 .5612 
3A* 1 2 L.5654 
5С if 2 4442 
6D 1 2 .3503 
4B 1 2 [7.4540 
3 .1491 L.4739 
Ce 53 2 2 .2198 [ 55240 
* | 3a» 1 3 2.6103 
5C 1 2 4111 
6D i 2 .2569 
2 [7.3762 
125 3 2 2464 3842 
C. 2B 2 3 .1058 .4112 
| ape 1 3 5000 
5С 1 2 .3958 
oD i 2 3422 
ences 


» Brackets in this column indicate nonsignificant differ 
b Fourth run in the cycle. 
run in the cycle. 


st 
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which these factors combine is not entirely 
clear. 

Transfer.—The relative performance of 
all groups on the transfer sequence, which 
required Ss to double the run lengths of 
the training sequence and systematically 
reverse light orders, demonstrates the 
superiority of Ss trained with constant 
patterns. Only the main effect of run con- 
stancy was significant in 
transfer criterion, F (1, 90) = 39.52, 
P «.01. No other comparison was sig- 
nificant, including that between the no- 
training control Ss and Ss who received the 
random sequences in training. In predicting 
both run onsets and continuations, Ss 
pretrained with constant-run arrangements 
had fewer errors, F (1, 90) = 5.6412, 
P < .05, for continuation errors; F (1, 90) 
= 19.9942, р < .01, for run onset points, 
than Ss in other conditions. Average total 
errors, average number of continuation and 
onset errors, and cycles to criterion are 
presented in Table 3. The Ss in the three C 
conditions did not differ significantly in 
these measures, a finding which suggests 
again that the effectiveness of run con- 
stancy on code formation does not rest in 

's precise acquisition of the higher order 
rules themselves. All three groups were 
more accurate in predicting continuations 
of transfer light positions at which only 
one run length occurred (i.e., Lights A 


the cycles-to- 


TABLE 3 

AVERAGE NUMBER о 
RENCES OF LIGHTS A AND В 
AGE NUMBER Or ONsrT 
ERRORS AND T. 


LL Occur- 
N 


ALL Six С 
Transfer | 

i. ecc duse errors 
Cond, | Average total errors Cycles to 
iB W criterion 

Ж“ | ME | conga- | ш 
€i 1.465 .432 4.672 8.37 
C: 1.006 -743 3.203 5.75 
C; 1.175 493 3.273 7.06 
Ri 2.318 | 1.032 | 6.906 12.50 
Ra 2471 .966 6.531 11.18 
N 2.709 1.064 8.234 12.94 
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and B), despite the fact that thes en. 
had been relatively more difficult in Me 
ing, where either of two runs could oc he 
F (1, 40) = 30.57, p< .001.. Тш 
current uncertainty of a рагрешаг RT. 
position is more effective in rec f tha 
average error than prior uncertainty O 
light. 


DiscussioN 


abilities 
The comparatively low error probabit 
within runs of like events at common cor ы 
points is consistent with other data, ng 
ing that S finds subunits of successively чо 
cal events highly salient (e.g., Myers, 
In other respects, the results are neg Ue A 
their support of the hypothesis that gante E 
cues affect S's acquisition of mandatory гай 
that define гип stems. Differences in © 
probabilities at common certainty points he. 
cate that pattern constancy facilitates с det 
ponent learning. The effects of light © Я 


[іп 


H агі 
early іп training were also apparent, primi 
in preserverative-error probability in the (55 
stant-pattern conditions, suggesting pet. 
can effectively use this cue only when pat ol 
constancy permits more accurate counting a 
events in the longer runs, Component lea an 
ing was not affected by the particular dem ree 
rangement, despite the fact that the auc? 
different recurrent patterns did pro 
differences in trials to criterion. < sca 

No current theory of sequential learning one 
explain the entire pattern of results in ліл 
Present study. The Ss do attend to s) 
higher order regularities immediately, but m 
manner in which these properties affect pun 
ponent learning is not rule specific. The pat 
are compatible with an interpretation Ё 
Pattern constancy and light order operate, ic 
lower order learning primarily through ге an 
ing the likelihood of disruptive errors at m 
Sition points early in learning. This ter 5 
tation is supported by the finding that ge 
Who differed in marginal accuracy at certe Я 
points did not differ in conditional error p f 
ability initialy. But While a transition €f Е 
seemed to be equally disruptive in C an dis 
conditions early in learning, it was less ing 
ruptive in the C conditions late in кай 
As Ss in the C conditions learned more а! iof 
the pattern, they reduced not only transit in 
errors, but general uncertainty about the ^ t 
properties of the forthcoming event MT 
Thus, later in learning, these Ss were lest a? 
clined to be disrupted by transition errors 


1 
Р 
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cert This analysis suggest that higher 
E eol d ower order rule learning of a pattern 
Ral simultaneously and interact. 
Ns A al between levels of rule learning 
1970) à aud Bee both Restle's theories (1967, 
analysis. S. Myers (1970) run-distribution 
marginal 6 сд predicts the differences 1n 
ot the a ‘anit conditional error probabilities 
n e C and R conditions observed here. 
(Fg niet also fail to describe the re- 
onte performance of Ss in the three 
ing of EE conditions. The slower learn- 
£56 s presented with runs ordered as 1-2-3- 
begin b e example, suggests that Ss do not 
ing ino attending to events in à run and cod- 
Ratier ins length with an integer code. 
learning леве Ss seemed to be retarded in their 
ен һы a result of interference by ex- 
progressio, about alternations and left-to-right 
have Sonn Garner and Gottwald (1967) 
finding ге а similar phenomenon, and the 
Moris s especially difficult for run-encoding 
Was the е Also difficult for these theories 
Position complex interaction of run length, run 
the an NM light-branching properties in 
these th p ^ terminal error probabilities of 
in aree conditions. 
Ce ha i to these theories, 
initials theory tends to suggest that 5 attends 
the nd to higher order relationships and to 
69). Е of these relationships (e.g Reber, 
ocally gt ne present study does not unequiv- 
run Ae conan this interpretation. Particular 
encodin oe did not specifically mediate run 
order sd and neither run pattern nor light 
Brees in positive transfer. Only Ss 
ained with constant run patterns were 


Mor 5 
е accurate in the test sequence. However, 


perceptual 


While ; 
Sant it appears that pattern constancy ! the 
ary contextual variable facilitating run 
{ that 


encod; 
di Eun early in training, it can be argued. 
rences in the difficulty levels of the light- 
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order variable were not sufficiently large in the 
present study to demonstrate mediation by 
this syntactic variable with a complex transfer 
sequence. 

ч Within the constraints of the present de- 
sign, the picture that emerges suggests that a 
simplified description of S’s hierarchical learn- 
ing as beginning either with components 
(Myers, 1970; Restle, 1967) and working up- 
wards or beginning with context (Reber, 
1969) and then discriminating components is 
inadequate. Such descriptions ignore complex 
interactions of rule learning. 


REFERENCES 


, W. R., & GOTTWALD, R. L. Some percep- 
tual factors in the learning of sequential patterns 
of binary events. Journal of Verbal Learning and 
Verbal Behavior, 1967, 6, 582-589. 

Joxes, M. R. From probability learning to sequen- 
tial processing: A critical review. Psychological 
Bulletin 1971, 76, 153-185. 

Myers, J. L. Sequential choice behavior. In G. H. 
Bower & J. T. Spence (Eds.), The psychology of 
learning and motivation: Advances in research and 
theory. Vol. 4. New York: Academic Press, 1970. 

NrimsER, U. Cognitive psychology. New York: 
Appleton-Century-Crofts, 1966. 

Reser, A. S. Transfer of syntactic structure in 
synthetic languages. Journal of Experimental 
Psychology, 1969, 81, 115-119. 

Restte, F. Grammatical analysis of the prediction 
of binary e Verbal Learning and 


GARI 


vents. Journal of 
Verbal Behavior, 1967, 6, 17-25. ) 
REsTLE, F., & BROWN, E. R. Serial pattern learning. 
In G. H. Bower & J. T. Spence (Eds.), The 
psychology of learning and motivation: Advances 
in research and theory. Vol. 4. New York: Academic 
Press, 1970. 
Siwox, H. А., & К 
of concepts for sequential 
Review, 1963, 70, 534-546. 


(Received May 3, 


acquisition 


orovsky, К. Human i 
5, ychological 


patterns. Р 


1971) 


Journal of Experimental Psychology 
1971, Vol. 91, No. 1, 110-114 


EFFECTS OF BIMODAL STIMULUS PRESENTATION 
ON TRACKING PERFORMANCE ! 


DONALD H. McGEE 


AND RICHARD E. CHRIST? 


Kansas State University University of Portlanc 


The effects of unimodal and bimodal stimulus presentation were baa Na 
a visual step function tracking task. The Ss in Cond. VN were given a ater 
burst of white noise simultaneous with the change in position of the visual ir 


put. In Cond. VT, Ss received a short burst о! 
the target changed positions, each tone c 


in the visual display. In Cond. V, no 
indicate that a redundan 
aspects of performance. 
for bimodal stimulation. 


Most previous research comparing uni- 
modal stimulus presentation with bimodal 
presentation of correlated stimuli have 
shown evidence for intersensory facilita- 
tion; better performance is produced when 
stimuli are presented in two mod 


alities as 
opposed to only one. This result has been 
found with 


reaction time experiments 
(Bernstein, Clark, & Edelstein, 1969a; 
Swink, 1966), vigilance experiments (Buck- 
ner & McGrath, 1963), and detection 
NW... (Brown & Hopkins, 1967; Love- 
less, Brebner, & Hamilton, 1970). Handel 
and Buffardi (1969) have also shown that 
simultaneous auditory and visual stimulus 
Presentation produces a faster rate of 
pattern identification than does individual 
modality presentation. 


The present experiment was designed to 
explore the effects of bimodal, correlated 
stimulation on a complex motor task— 
tracking a repeating series of step function 
inputs. The distinguishing 
of this type of task, relati 
in most previous bimodal Studies, is that 


skilled tracking performance requi 
ticipation and the tem 
ization of responses (e. 


characteristic 
ive to those used 


res an- 
poral-spatial organ- 
g., Noble & Trumbo, 
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auditory input xd. Th L 
iditory input can cither facilitate or inhibit certain 
These data were consistent with a perceptual model 


f one of four different tones when 
orresponding to a particular position 
employed. The results 


sation 
1967). The rationale for this investiga, 
was that methods developed for analyse 
tracking performance would allow spec m 
Statements concerning the locus of gero 
ance changes resulting from bimodal KE 
lation. That is, if bimodal stimulus pres m 
tation affects tracking performances Я 
would be possible through an analysis, 
oscillographic records to locate where 


б сев 1 
additional redundant input makes 
contribution. 

METHOD } 

Я — TUM lle 

Subjects.—Thirty-six right-handed, male Со ^. 
students volunteer 


„ре! 
ed to serve as Ss for the er 
ment. These students were all between the а De. 
18 and 25 and had normal vision and hearing: 
were paid for their services. 

Apparatus. 
Electronic Trac 
at Kansas Stat 
nical descri 
Where (Tr 


ere 
only a general description will be presented per ей! 
The VETA was used to present a repeating Ра „тре 
of visual inputs on a pursuit tracking display- n 

input function, or target, was punched 9л tal 
tape, read out by a Digitronics Model 250 s old 
reader, converted to analog voltages by mean" „ш 
digital-to-analog converter, and displayed 
cathode-ray tube (CRT) as a vertical line, 


^s Я Я EC 
moved along the horizontal axis of the CR wi 
Position of a simi] 


continuously 
attached to 


"ble era 
pparatus is availab! e 63)! 


umbo, Eslinger, Noble, & Cross 


y" 


n COT. lat 
adjustable by means of an AE nil "t 
5 chair in a position for easy та! 


1 rest, pivoted at the elbow оп d 
cal shaft, and an adjustable hand grip. ^P 
ometer attached to the lower end of the a 
shaft converted the arm control position into е 


ч 5 ‘0 
Unuously variable Voltage which, in turn, ЧГ al 
cursor on the CRT, 


o t 
A movement of 5.6? o! 


jt 
int 


te! 


rot ow ) 
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control caused the cursor to move 1 cm. Both the 
target line and the control line were 16 mm. long and 
they overlapped by 2 mm.; the cursor appeared be- 
Ow the target. 

Since both the input function and the control 
Positions were represented as voltages within the 
System, the absolute difference between these two 
Voltages was integrated over each trial by an opera- 
tional amplifier manifold. This integrated error was 
к ни оп а digital voltmeter at the end of each 

а. In addition, the input function and control 
Positions were continuously recorded on an oscillo- 
graph during selected trials for purposes of analytical 
Scoring, 
also punched on 


An auditory input function v nc ‘ 
second Digitronics 


myl 


four ou, idler Model 455C noise generator or 
n, Pure tones generated by four audio oscillators. 

S Ss were run simultaneously in identical ex- 

fuel dtd] booths, Each S м seated өрге 

to ee 5 71 em. from the CRT. The loudspeaker e 

re 1 resent the auditory input was about 50 cm. di- 
ctly behind край; 


мрз and conditions.—The visual input con- 
a step function in which the targ 


et moved 


Mained ion in discrete jungs and «^ 
Moved at each position for .8 sec. | he А pon 
гоп; d through each of four different positions, T 
Кы 1 the same four positions in a different ort i 
ге «шш ап eight-element pattern. This pattern bie 
Peated six times per trial so that each trial laste! 

, Sec. The pattern in terms of voltages "- i 
treme left i ~3, —6, 2, where —7 would M pos 
УО Position and 7 the extreme right. hm 
Eai as at the center of the CR The едш шен 
Соп ы displacement on the display was Э. Шш 
Patte, on; V consisted of Ss who tracked this a 
ет without any simultaneous auditory input. 
With реле auditory inputs used in con iE 
ions, “© Visual input produced two funes С E 
Ды In Cond. VN, the visual pattern ol pu 
wp, presented along with 40-msec. bursts of 50- b: 
Sin бе; The onset of the noise bursts oe 
On th neously with the changes in target pos EA 
tetom, CR T. In Cond. VT, the visual pattern ss 
rou panied by a synchronous pattern of tor т 
for "different tones were used to correspond to tae 
4) Positions in the visual pattern. Each tone wa 
ч DURER in duration with loudness subjectlv at 
Si th Cd to that of the white noise. The frequencl™ 
Siso that the 

right 


sisted of 


re iti 
om Dosition to ро: 


h the extreme 
- Hz. tone 


the post 
extreme 


itio Z. tone was presented with 
vith n in the visual pattern (7), the 1,590. 
€ Position 2, the 690-Hz. tone with 
Чер 3, and the 300-Hz. tone with the 
i Sition (—6). 

assigned. 12 


[^U - | 
«th, dure —T he Ss were randomly | т огай 
ТЫШ the three experimental conditions. E 

© cpns, Ss were instructed to track the tore 2 


Crp à 
Ri by keeping their cursor superimpose 
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the target as much as possible. They were told that 
there would be an eight-element pattern repeated six 
times in each of 30 trials and that the most accurate 
means of tracking this pattern would be to move 
simultaneously with the target. All Ss were ex- 
plicitly told that they should learn the pattern in 
order to perform well. Each trial was preceded by 
а 5-sec. warning light and followed by а 15-sec. rest 
interval. All 30 trials were presented in one ex- 
perimental session. In the VT condition, Ss were 
informed that four tonal bursts would be presented 
successively and that they would correspond to vari- 
ous target positions. The Ss in Cond. VN were in- 
structed that a brief burst of white noise would occur 
when the target changes position. All Ss were in- 
formed of their integrated error score at the end of 
each trial. 

Performance measures.—The global performance 
measure was absolute error integrated over indivi- 
dual trials. In addition, measures of temporal and 
spatial performance were obtained from the oscillo- 
graphic records of the second repetition of the pat- 
tern on each of Trials 2, 4, 6, 10, 20 and 30. Temp- 
oral performance was determined by comparing the 
time that S initiated his primary movement relative 
to the target displacement; a movement initiated 
before target displacement is called a lead and a 
movement started after target displacement is 
called a lag. Measurements of starting time were 
made to the nearest 50 msec. Spatial performance 
was determined for primary movements which were 
associated with any lead or a lag of less than 150 

Primary movements ssociated with a lag 

1 150 msec. were not used for measuring 
spatial performance since the amplitude of these 
movements could be guided by the visual input 
ather than by S's correct anticipation of the input 
f ction. Spatial performance is called an overshoot 
if. moved his control too far before stopping his pri- 
ary vement and an undershoot if S did not 
лагу et before stopping. Spatial perform- 


а h 
move far enougi е E 
mance was measured to the nearest 1 mm. 


msec. 
greater thar 


RESULTS 


Integrated error 


Figure 1 shows integrated end as 
function of the 10 three-trial bloc | ore 
of the three conditions. These € al 
block data were used in an wm 
variance which showed tracking conc us 
P m 33) = 7.75, and blocks, P (9, 297) 
а EE 7, to be the only significant effects, 


cti f the data 

ps < .01. Inspection 0 | 
iced y^ Fig. 1 reveals that all groups 
eet ы. blocks but that Cond. 


improve Over l a ) 
ч consistently superior to Cond. bo 
which, in turn, is consistently BR 
to Cond. V. However, New man Keu | 
tests on the group means show the VT an 


VN conditions not to differ from one 
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INTEGRATED ERROR 
(VOLTS) 


TRIAL BLOCKS 


Fic. 1. Integrated absolute error as a function of 


trial blocks and input conditions. 


another, but both differed 
(b < .05) from Cond. V. 
noted that the effects of auditory input 
(Conditions VT and VN) on integrated 
еггог are apparent as early as the first 
block of three trials. Integrated error data 
for only those trials used in analytical 
Scoring were also examined, but these 


data produced results essentially identical 
to those shown in Fig. 1. 


significantly 
It should be 


Analytic Scores 


Temporal performance.—The measures of 
starting time were used to derive several 
different indexes of temporal perform 
As an overall index of temporal error, the 
mean absolute starting time was deter- 
mined for each 5 for each stage of practice, 
An investigation of these data showed that 


during the first 10 trials Cond. VN was 


more accurate (116-msec, starting time) 
than either Cond. VT (160 msec.) or 
Cond. V (152 msec.), but that by Trial 
20 all three conditions Were essentially 
identical (149 msec.) An analysis of 
variance of absolute starting times showed 
however, that there was no significant. 
main effect for conditions or trials. Like- 
wise, there was no effect due to the Trial 
X Condition interaction. 

À more revealing description 
effects of stimulus conditions on te 
performance was provided by 
look at the distribution of st 
For the Purpose of analysis 
distribution of st 
into those that wW 


ance. 


of the 
mporal 
à detailed 
arting times, 
» the overal] 
arting times was divided 


геге beneficial in terms of 
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demonstrating accurate anticipations p 
target displacements (beneficial m. 
tions) and those that demonstrated ei d 
an overanticipation (long leads) or E) a 
sufficiently long to suggest the lack a 
anticipation (long lags). Beneficial nt 
tions were defined as movements initia Ü 
within 150 msec. of the target dispiace 
long leads and long lags were define M 
starting times greater than 150 msec. d 
fore and after target displacement, a 
spectively. Table 1 shows the prapor nori 
starting times falling into each of i. E 
categories for each condition at each 
of practice. (Results similar to the оң 
shown were obtained when 50 msec. e 
100 msec. were used as criteria for catego"! 
ing starting times.) E. 

A look at Table 1 shows that there W E. 
considerable variability in starting p. 
for all groups early in the session and ks 
variability decreased with practice ie 
primarily to a decrease in the propor e 
long lags. Furthermore, it can be seen soni 
the proportion of beneficial anticipat! Y 
was fairly constant over trials for all groupe 
while the proportion of long leads , E 
creased. Finally, if beneficial anticipati y, 
are used as an index of temporal accura?z 
Cond. VN was more accurate over the E 
10 trials (71% beneficial anticipate’, 
than either Cond. VT or Cond. М (9 
each). 


ach 
Separate к 


analyses of variance for sub 
Category of starting times tend to 9 of 
Stantiate these visual 


interpretation’ ye 
Table 1. The 


Proportion of long lags waa 
shown to decrease for all groups, Ё (5, W 
= 30.50, р < .01, but more so for Соп] 
than for Cond, VT and VN, F (10, on% 
= 247, р < 05. The proportion (5 65) 
leads were affected only by trials, e nc 
= 12.16, p < .01, The analysis of vari? d 


. pee . [ un 
of beneficial anticipations, however, die 
nO significant effects. Analyses © | gs 


average magnitude of 
considered separately, 
mean starting 
further substar 


all leads and al үа 
and of the alge piel 
time yielded results “ jot 
itiate these interpret? 


of temporal performance, 8 d 
Spatial performance. Тһе measur die 
spati 


zed іб 
al performance were analyzed е5 o 
Same manner as were the measu" 
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TABLE 1 


DISTRIBUTIONS OF STARTING TIMES UNDER EACH CONDITION 
AS A FUNCTION OF PRACTICE 


ут IN ; 
Trial es 3 
Long lends BA | Longlags | Longleads BA Longlags | Longleads BA Longlags 
2 
а 21 50 29 14 65 21 5 44 51 
6 23 59 18 8 79 13 12 64 24 
10 28 65 7 19 72 9 16 71 13 
10 40 55 | 5 26 67 7 30 53 17 
30 3 66 0 38 61 1 39 56 5 
45 55 0 38 62 0 34 64 2 
tive 916: Long lead Z rafer to starting times greater than 150 msec, before and after target displace s 
y. BA ra ona leads and Jong lags refer Movements initiated within 150 msec. of target ad aftement: Data arc in relative fre: 


Wencies 
les under each condition. 


ten е Н 
прога] performance. Figure 2 shows 


е yerage absolute magnitude of all 
input errors as a function of trials with 
а yc as a parameter. It can be 
are a 18; 2 that both bisensory conditions 
Trial "p iated with large spatial error on 
seen d relative to Cond. V. It can also be 
ми: Сопа. УМ shows only a small, 
with 1а! improvement in spatial accuracy 
Т Аш, while Cond. VT shows a 
arge, rapid improvement surpassing the 
Performance of Cond. V which remains 
ш constant. An analysis of variance of 
( ute spatial error showed significant 
v X .01) effects for practice, F (5, 165) 
= 5.73, and for conditions, P, (7 33) 
T 548, but failed to show i 
Mal X Condition interaction. Newman- 
са tests оп the condition main effects 
lowed that Cond. VT and V were es- 
x Bally identical with respect to spatial 
Tror and that both were significantly 
Superior (p < .05) to Cond. VN: |, 
5 The overall distribution of wo 
EUN amplitudes was divided inio sn 
bu *gories: large overshoots, spatial y T 
е movements; and large undershoots 
леге а ргітагу movement terminating 
Within 3 mm. of the target position was 
fined as a spatially accurate movement. 
a probability of a response falling into 2 
аш category of movement amplitu s 
AR a lead or a lag of less than 150 ШТ 
ES determined for each condition at € > 
ee of practice. A visual inspection о 
Sane data showed that there was ~ 
Iderable variability in movement amp! 
tude at each stage of practice. Conditions 
and VT had a generally higher prob- 


a significant 


ability of a spatially accurate movement 


(.54) than Cond. VN (.39). 
analyses of the magnitudes of 


Separate 
overshoots and undershoots, considered 
separately, and of the algebraic mean 


spatial error showed that all Ss tended to 
overshoot the target to a greater extent 
than they undershot. The magnitude of 
both types of spatial error decreased with 
practice, from 8 to 5 mm. for overshooting 
and from 7 to 4 mm. for undershooting. The 
relationships between conditions were es- 
sentially the same for the magnitudes of 
both overshoots and undershoots and are 
accurately reflected by the composite 


data shown in Fig. Qi 
DISCUSSION 


The results of this study indicate that re- 
dundant auditory input may or may not facili- 
tate performance in a visual tracking task, 
depending upon which specific aspect of per- 
formance is measured and the type of informa- 
tion available in the auditory input. 
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TRIALS 
е absolute magnitude of spatial errors 


Fro. 2. Averag t i 
Í trials and input conditions. j 4 


as a function ol 
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In terms of global performance, measured by 
integrated absolute error, and in terms of the 
proportion of long lags, it was shown that the 
onset of an auditory input simultaneous with 
changes in visual input facilitated performance 
over that found without an auditory input. 
Furthermore, this facilitory effect occurs 
Whether pure tones or white noise is used as 
the auditory input. These results, considered 
alone, would lend Support to the energy inte- 
gration model proposed by Bernstein, Clark, 
and Edelstein (1969b). This model assumes 
_ that stimulus intensities sum across modalities 

causing a joint auditory and visual event to be 

effectively Stronger than a visual event alone. 
. The energy integration model, 

developed to account for data o 

action time experiments. 
- the data suggest that Ss 
. acting to the presentatio 

instead, anticipating the 
. anticipatory behavior is 
- Trial 4 for the bisensory conditions, where less 

than 20% of the starting times could 1 
fied as a typical reaction time, 
Furthermore, 
of performance 


however, was 
btained in re- 
In the present study, 
are not generally re- 
n of stimuli but are, 
input function. This 
certainly evident by 


be classi- 


a more thorough examination 
in this tracking task raises 
ch cannot be handled with an 
. energy integration explanation, If overall 
as measured by beneficial 
absolute tempora 


| 
_ Several issues whi 
{ 
| 


the ; 
model proposed by Bernstein et al. (19608) 
Such a mo del has been proposed by 
Buffardi (1969) to account for the 
their pattern identification study. 


they propo se that different types of i 
tio n may be c 


ontained in the logically similar 
inputs to different modalities, Hence, рег. 
formance in i 


n the two modalities combine, Е 


it is possible that the redundant timing in. 
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formation provided by the noise in C ond M. 
aided timing but in the process distracte ua 
from learning and responding беш wir. 
spatial cues in the visual display. On the KE. 
hand, the redundant positional Aniorma "i 
provided by the tones in Cond. VT imas $ ОЙ 
caused Ss to move too early in the dines 
of the next position; Ss in Cond. V had to к. 
back the initiation of their primary movemen 
until they had processed the position cues ava 
able from the visual display. in- 

In order to assess the adequacy of an о 
formational account of intersensory facilitara 
and inhibition, further research incorporat 
the properties of various types of inputs W : 
be mandatory. In addition, this study fo ely 
that global performance was рикоби иа d 
determined by the frequency and шаш E 
response lags and very little by tempora arts 
spatial accuracy as such. This fact supp“ ric 
the contention, made earlier by Nobel à р 
Trumbo (1967), that a detailed analysis ^ 
response organization is necessary to uae? «e 
the information-processing and response eg 
gies that may develop as a result of task co! 
tions. 
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SPEED-ACCURACY TRADE-OFF W г 
АСҮ I FF WITH DIFFERENT 
TYPES OF STIMULI? ds 


JAMES J. LYONS Ахр GEORGE E. BRIGGS? 
Ohio State University 


In a stimulus-classification task, linear function relating reaction time to 


central processing uncertainty 


were obtained under four conditions: high 


versus low accuracy, with letters or random figures as stimuli, The intercepts 


(not the slope constant 
the intercepts) varied with stimu 
sampling rate i. 
(stimulus clas 


ifica. 


ie (1966) developed a method- 
additive M permits one to determine 
ith idles шә poh rept of reaction time and 
insertion a Nit lout using the questionable 
ёге. шш required in the Don- 
ü posi 8) methodology. The 5 memorizes 
PME oli of, say, one, two, or four 
ane then makes one of two possible 
detere v to each test stimulus: “yes, 
jn im stimulus matches one of those items 
ACE pas set, or "no, there is no 
ile TA ) е test stimulus is a member of 
ei her apes set). T'ypically, one finds 
action ü mear relationship between re- 
RT = one (RT) and memory load (M): 
бы T MA or a linear relationship 
central T and a Shannon expression of 
a+: ites when uncertainty (T): RT = 
maril 2), where H, is determined pri- 
Bri y by memory load (see Swanson & 
riggs, 1969). In either case, the additivity 
Statement has been interpreted with refer- 
ence to three sequential stages in human 
information processing : The slope constant 
b is interpreted as the time required per 
test to carry out the stimulus-classification 
functions at a central processing (second) 
Stage; the intercept constant @ represents 
the time required to perform the initial 
Stage functions of stimulus encoding, sam- 


‚ | This study was sponsored in part by the National 
Science Foundation through Grant GN-534.1 from 
the Office of Scientific Information Service to the 
omputer and Information Science Rescarch 
enter, Ohio State University. 
Б Requests for reprints shoul 
Tiggs, Human Performance Center, 
University, 404-B West 17th Avenue, 
Ohio 43210. 


d be sent to George E. 
Ohio State 
Columbus, 


s) varied with accuracy level, while the slopes (not 
lus material. 
independent of stimulus familiarity but that central processing 
tion) is slower for the less familiar stimuli. т 


This suggests that stimulus 


pling, and preprocessing plus the time to 
carry out a third stage which may be 
identified as response decoding. ў 
Swanson and Briggs (1969) used ran- 
dom figures as stimuli in the Sternberg 
(1966) task and found that the equation 
RT = а + b(H.) provided a satisfactory 
fit to the data and that the intercept 
constant a was linearly related to accuracy 
as the latter was expressed by the in- 
formation transmitted (ИМ) metric: a = с 
+ d(H,). Thus, the more complete state- 


ment of additivity is 


RT = c + d(H.) + bL), 


which when fitted to the data provided the 
following time constants: 


RT = 243 + A87 (H) + 108012). 


scussion, Swanson and Briggs 
(1969) interpreted d as the time per bit of 
accuracy to carry out à stimulus sampling 
function such as Sperling (1967) suggested 
via his SCAN operator. The reciprocal of 
this constant (6.4 bits/sec) would be the 
rate of gain of information across SCAN 
under this interpretation. The reciprocal 
of the slope constant b (9.2 bits/sec) 
is an estimate of the average 
| processing functions in- 
cation of the test stimulu 

or negative set. 

Briggs and Swanson 
(1970) expanded upon the earlier study, 
and they used the more familiar letters of 
the alphabet as stimuli. Interestingly, they 
found an almost identical rate of stimulus 
sampling (6.7 bits/sec) to that in the 


In their di 


presumably 
rate of centra 
volved in classifi 
into the positive 

Subsequently, 
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earlier study; however, there was a faster 
rate estimated for the central stimulus- 
classification functions (13.5 bits/sec). This 
led Briggs and Swanson to the tentative 
conclusion that "while the rate of stimulus 
sampling may be independent of stimulus 
material, the speed of the subsequent cen- 
tral processing is a function of the famili- 


arity and/or complexity of such material 
Гр. 307]." 


The present experiment was designed as 
a direct test of this hypothesis. According 
to the additive factor concept of Stern- 
berg (1969), if the relative emphasis on 
speed affects the encoding stage of in- 
formation processing and if the familiarity 
of the stimulus material affects the central 
processing stage, then a factorial compari- 
son of two levels of accuracy and two 
levels of stimulus familiarity should reveal 
no interaction of these two variables. The 
impact of accuracy level should be on the 
intercept constant of the basic RT-H, 
additivity Statement; however, the con- 
Stant a should not vary as a function of the 
Stimulus material used. Moreover, the 
slope constant Should vary with stimulus 
familiarity, but it should not be affected 
by changes in the accuracy of performance. 


METHOD 


The basic task was modeled after that of Stern- 
berg (1966), described above. In all, three positive 
stimulus sets were used which differed in size as well 


as in the particular items included: M = 1,2, or 4 
items, 


Combination of t 
letters versus random figures 
desired accuracy, high 
versus low (85% correct responses) defined four 
experimental conditions, In the letters condition 
the seven positive set stimuli were chosen from the 
14 letters of the alphabet Y Briggs and 
Swanson (1970, Exp. II). The remaining 7 letters 
Were used as the negative Probes. In the random 
figures condition, 14 of the eight-sided random 
figures used by Swanson and Briggs (1969) formed 
the stimulus pool. For both types of material, the 
assignment of specific items to positive or negative 
sets and to memorygload {within positive Sets was 
counterbalanced across Ss, : 

Forty-four Ss responded to 
newspaper to serve individ 
sessions. Each S r 
up to $2.00,incenti 
in accord 


wo types of stimulus material, 


5, with two levels of 
(95% correct res] 


an ad in the universit; 

ually for three daily 
eceived $1.25 per session, plus 
‘nitive pay. The latter was awarded 
ance with a bonus system to be describeq 
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below. Eleven Ss were assigned upon order a ae 
to each of the four experimental groups EU 
combining the two types of stimulus шата how- 
the two levels of accuracy. In the f MEE. 
ever, Ss in the high- and low-accuracy TA s teas 
were treated identically: The nature Br f ond as 
was explained, S was encouraged d S then 
quickly and as accurately as possible, ү ck of 48 
performed the classification task for a blo = 108 
trials under each of the three memory 
ditions. ice and 
Un the second day, a visual feedback devise e i- 
a payoff matrix for the appropriate accuracy T 
tion were introduced. The feedback display rect, 
S contained four counters: fast correct, slow md Б 
fast error, and slow error. After each response, 
activated the appropriate counter causing E 55 
value displayed оп that counter to increase. "IT 
in the high-accuracy conditions, the counte is BS 
creased in steps of 10 points for a [азго [ог 
sponse, — 5 points for slow correct, — 5 pou Jow- 
fast error, and — 10 for slow error. In u only 
accuracy conditions, the payoff matrix differed = 
in that the cost of fast errors was reduced i the 
point. The counters accumulated points Nd and 
48 trials of a memory load (positive set) ee ol 
were then reset. Points were redeemed at the d that 
1¢ per 15 points, an exchange rate chosen Bur ate 
the maximum possible bonus was appro m 
$1.00 per day. All Ss were told that the a "T 
times for distinguishing between fast and S form 
sponses were based on their previous day's рег yim 
ance. In fact, however, where indicated by per A 
ance on the first eight trials, the time criterion ob: 
adjusted without S's knowledge in an effort Ер i 
tain the desired accuracy level. The payoff $Y bi 
and criterion adjustments were chosen on the they 
of an earlier pilot study which indicated thes rn 
would yield the desired Separation in the perto 
ance of the high- and low-accuracy conditions: дз 
As in the first session, one block of 48 trials | 
Presented for each posit: 
session, and an 
the final session. 
Positive sets wa: 
the second and t 
that each positiv. 
The E considered 
ing Sessions, 


5 counterbalanced across “= 
hird sessions, with the res Jd 
е set was used once each 5 


= trail” 
the first and second days as t" e 
and only the data from the fina ov" 
Sion were treated in the 

Two Shan 


information 


esponse was made. „йел 
as the status of an дере аіл 
determined by the пасе d а 
€ various possible outon na) 
+ Memory load is the "M 
number of possible out т d 
€ Outcomes are a match osit р 
One of the items in the Pat 
maining outcome is а n? 


| 


=> 
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a В this experiment, no match occurred 
dud е ime in all three memory load conditions, 
5 nime mentor loads each of the items within 
following “ү w as presented equally often. Thus, the 
Dot n уа ties of He were obtained: for М d; 
Mz 4 n for M = 2, Н. = 1.5 bits; and for 
Present Б с = 2.0 bits. Briggs and Swanson (1970) 
of H. a ee accounting of the computation 
оран e Газ а сотрагіѕоп of the results of these 
possible es E those obtained using several other 
variable. hods of expressing the memory load 
due init stimuli were back-projected ona ground- 
random sen 65 ст. before S by а Kodak RA 950 
for 2.5 Loren projector. Each test slide appeared 
An ieee with a 3.5-sec. interstimulus interval. 
activated опе counter accurate to 1 msec. was 
either of К stimulus onset and wi terminated by 
tween epa switch closures: | yes" a match be- 
Or "no" : and memorized stimuli had occurred, 
used for табл, The forefinger of each hand was 
orientatig esponding, and, across Ss, the left-right 
During а response button counterbalanced. 
ing whit RE 1 block of trials, 5 heard 80 db. of mask- 

бс; bee which was momentarily interrupted 
recorded ike the onset of each test slide. The E 
response, he reaction time and accuracy for cach 


RESULTS 
Mes reaction times were computed 
mors S across the last 40 trials in each 
The Г, load block of the third session. 
iiie RATER were made for the 
йк» individually for each S, and 
ated 95 of correct responses was tabu- 
midi. S Ss for each experimental 

ion, 


Letters 


Accuracy 
o— 82 bits 
o——2o .45 bits 


.500 

RT=.327+.054 (He) 
400 
.300 


-200 


Reaction Time (seconds) 


2.0 


Central Proc 


unction of central processing 
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Considering first the high versus low 
accuracy data, it is evident that E was 
successful in obtaining a reasonable ap- 
proximation to the accuracy levels desired : 
Overall averages of 96.3% versus 85.8% 
correct were obtained for the letters groups, 
and 95.3% versus 87.6% correct responses 
were recorded for the random figures 
groups. Chi-square analyses of these data 
indicate that the effect of accuracy level 
was significant (р < .05), while that of 
stimulus material was not. Finally, the 
effect of memory load on the accuracy 
data did not reach significance (р > .50), 
and so Ss in each group can be considered 
to have worked at approximately equal 
accuracy across the three memory load 
levels. 

The reaction time data were subjected 
to an analysis of variance. The three main 
effects (stimulus material, accuracy, and 
memory load) were significant at p < .001. 
In addition, of the four interaction terms, 
only the Stimulus Material X Memory 
Load interaction. reached significance, F 
(2,80) = 3.71, p < .05. 

These results are displayed in Fig. 1, 
in which reaction time is plotted as a 
function of He The parameter in Fig. 1 
is information transmitted, averaged across 
Ss and memory load. Reaction time is 
linearly related to Н, in all four cases. 
Further, since only the Stimulus Material 


Random Figures 
o— 77 bits 


600} oo. 52 bits 


вт=.340+083(ну)» 


.500 
400 

З ) 
800 RT=.299+.083 (He 


.200 


.0 


essing Uncertainty (Hc! 
uncertainty 


Ето. 1. Reaction time as а f с н 
E 1 transmitted asa parameter. 


with informatior 
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X Memory Load interaction reached sig- Е. 
nificance, parallel lines were fit separately These results confirm Swanson and pr 
to the data of Groups High-Letters and (1969) by demonstrating that trading un 
Low-Letters (see the left panel) and to the for accuracy affects only the intercept о E 
data of Groups High-Random Figures and function relating RT to Me, not the ape 
Low-Random Figures (on the right). Best stant. Following the Sternberg (19 bó intel 
fits of the basic RT-H, equation are shown. tive factor analysis, this result may b 
First, note the effect of the accuracy 


sees involved 
preted to mean that the processes P indd 
, ipulations аг 
variable within either of the two parts of the speed-accuracy manipulations 


ái 
E и ghe : Я > whose durations vary wit 
Fig. l. The only significant effect of in- — Egg heb both thé stimulis 
creasing the accuracy of performance was encoding and the response decoding process 
to raise the intercept value of the equations. are Of атац теза ав иеа £o the p 
Next, compare the accuracy effect across tude of the intercept constant. Briggs kt 
the two parts of Fig. 1. The shift from Swanson (1970) have shown, however, thah d 
low to high accuracy adds 55 msec. to the specd/accuracy effects are independent s 
intercept for letters and adds slightly less sponse decoding effects; therefore, опе raed 
(41 msec.) to the intercept for random conclude that the locus of the speed, = 
figures. However, note the quantitative trade-off is in the initial encoding pie cos 
improvements in accuracy in going from Given this, it is desirable to expness 5 us о 
the low to the high conditions in the two in encoding time of increasing the ^md Briggs 
cases: It too is slightly more for letters | performance. Following Swanson vm a from 
(.37 bit) than for random figures (.25 bit). (1969), the regression of the e e note 
Thus, the magnitude of the increase in Fig. 1 on H, was com puiet, acy interaction 
the intercept relative to the magnitude of the Stimulus Material x pee i 


ЫЕ ; 5, a sing 
B Ў was not significant at the intercepts, а esi 
the Increase in accuracy was constant 
despite the diffe 


DISCUSSION 


i ч s s valu 
: line was fitted to the four intercept V 
rences in the type of 


+. de 
с The obtained equation expressing this a 
stimulus material. composition of the intercept was @ 2 ' 
The type of stimulus material did +4 154 (Hj). 
affect the slope of the basic additivity Now, 
equation: The slo: 


ans 
154 msec. per bit of information MT р 
mitted comes remarkably close to the prev 
estimates by Swanson and Briggs (1969) 449 
by Briggs and Swanson (1970) : 157 anc nta 
тогу Load msec. per bit, respectively, Thus, the pu 
1 interaction reported Чуе conclusion reached by Briggs and Si {8 
above. Inspection of Fig. 1 also indicates from a "poss comparison of several ae ттеп 
that each of the intercept values for the Confirmed within the context of is sim: 

random figures conditions is somewhat “шше ation ent: The rate at which inde? 

higher than the corresponding intercept for information is sampled appears to be it [n 


со! ч : ial used- , 
the letters conditions. The significance of "— the ee i 
this difference, however, ; 


pe of the equation fitted 
ures data is steeper than 
that fitted to the letters data by 29 msec/ 
bit. This is the significant Me 

X Stimulus Materia 


to the random fig 


ue 
n 


s " Ww 
а not di i ith Swanson and Briggs, the ү inf 
Е directly interpretation of th f extra” det 
» ae ; 1 е ргосеѕѕ о а 
available from the analysis of variance: information from the stimulus may be ™ 
The stimulus material 


main effect is 
based on the mean difference across memory 
load, not the difference at the 


А 1 test on the intercepts 
variance estimates 
his indicated the n 
msec. between the 
and for random fig 


re 
i і i ерй 
Immediately following presentation, а TT et 
sentation of the stir 


Д T ry 51", и 
mulus is held in a very $ 07 
point H, — 0. term or “iconic” 


ч; senta 
j store. This represen i fof 
using pooled Contains more information than is need og; 


i 
Was performed, and the task at hand. Therefore, S scans ane ed 
nean difference of 20 extracting information from it which is a yf 
intercepts for letters 07 for further Processing, The current y 


a 

s " В sanson t 

ures did not reac] sig- searah, ХОБЕ наг With that of mn die 

nificance, #(124) = 1.46, p > .05 SE = 13 Briggs and Briggs and Swanson, supo У rm 
ет Я B ч өрер is s rati Fis in ion at^ j 

msec. The logic of this test is described in Пи scan ep ration gains information | 


PP pies E pum “hange? e 
Draper and Smith (1966, Section 1.4). а Bee mately 6.5 bits sec: СВА 4 


* ce 
relative stress on the speed of performa” 


Lad E 
5 


угы 


EU о 
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reflected in changes in duration, not the rate of 
this stimulus sampling operation. 
ar far we have focused on the finding that 
Жүр stage operations are not influ- 
oup differences in the type of stimulus 
aterial used. It is not possible within the 
Context of the present experiment to scale, or 
RC to identify precisely all the key dimen- 
RUM along which letters and random figures 
eet However, it does seem reasonable to 
are ES that many of the relevant dimensions 
ewe passed within the concept of “fam- 
son d ; thus, one may consider the compari- 
Be: єз etters and random figures made here to 
tiie a comparison of two levels of 
Egeth 15 familiarity. It may be noted that 
Ше “ү, Blecker (197 1) make similar use of 
mënt Sem of familiarity. In their experi- 
viewed "E actual types of stimulus materials 
livers (a) uppercase letters and (b) 180 
that gence those letters. They too found 
quickl Rapin) responses were made more 
ever, ea the more familiar material. How- 
ricis | г same-different task did not permit 
being ization of the processing stage 
present ected by stimulus familiarity. The 
needed experiment seems to provide the 
familia Convergence, indicating that stimulus 
sti "ity does not affect the rate at which 
mulus information is sampled and prepro- 
cessed, 
ыш 15 not to say, however, that stimulus 
lona M M without effect. Return to Fig. 
ü consider the slope constants of the func- 
Ons. Now, the slope constant reflects the 
Change in reaction time as a function of the 
шк of stored information. In terms of an 
ormation-processing model, its reciprocal 
Provides an estimate of the rate of operation 
9f central processing. It is this stage which 
Presumably includes memory search and com- 


Parison, as well as the associated retrieval 
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operations, and it is here that we see a marked 
difference between the two types of stimulus 
material. Central processing of letters pro- 
ceeded at an average rate of 18.5 bits/sec, 
whereas the same operations progressed at a 
substantially slower rate of 12 bits/sec when 
random figures were used. Thus, while the rate 
of sampling information from a stimulus ap- 
pears independent of its familiarity, the sub- 
sequent speed of central processing apparently: 
is directly influenced by the type of stimulus 
material used. 
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PROACTIVE INHIBITION IN FREE RECALL ! 


FERGUS I. M. CRAIK* A 
Birkbeck College, Univers. 


demonstrated th 


recall of verbal material in short-term memory (STM), 


Keppel and Underwood (1962) showed 
that proactive inhibition (PI) operated in 
the short-term retention of verbal material. 
Using the Peterson distractor technique 
they demonstrated that there was virtu- 
ally no forgetting on Trial 1, that forgetting 
increased over subsequent trials, and that 
this buildup of PI affected longer retention 
intervals (18 Sec.) but not shorter intervals 
(3 sec.). Subsequent studies, summarized 
by Wickens (1970), have Shown that 
"release. from PI" is obtained if certain 


Characteristics of the retained items are 
changed. 


There are three 
importance which 


apparently 
m memory 
(LTM) is 
otomizing 


effects in Short-ter 
and long-term memory 
а powerful argument against dich 
memory into Separate stores, Third, the 
“buildup” and “release” Phenomena may 
Provide insights into Causes of forgetting 
and into the manner of Storage ang re- 
trieval of verbal material, 


The present report fo 
issue. Melton (1963, 1970) h 
that the presence of PI in both 
and long-term tasks is evidence 


Cuses on the second 


as argued 
short-term 
for a one- 
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ND JOHN BIRTWISTLE 
ity of London, England 


at proactive inhibition (PI) reduces 


the secondary memory component of 
not vulnerable to these effects. This 


H - the 
process model of memory and against, th 
STM/LTM dichotomy proposed by s 
theorists. However, an objection to igh 
line of reasoning was put forward by m 
and Norman (1965). They suggested | by 
even immediate retention is mediate ary 
two components—a short-term or oe ne 
memory (PM) component and a att 
term or Secondary memory (SM) Toti 
ponent. Given that SM is involved in. a 
short-term and long-term tasks, it ares 
surprising that some experimental pet 
lations affect performance in à pus 
fashion. Thus, before coming to à ity 
conclusion on the dichotomy/cont a ay 
issue, it seems necessary to isolate the РА, 


R one: 
and SM components and see whether | 


or both processes are vulnerable to PI 
effects, ‘ded a 
Tulving and Colotla (1970) provide: nd 
simple method for separating the PM а | 
M components in the free recall of b 
lists. They Suggested that a retrieved W 


jt 
be classified as part of the PM compone! | 


Provided that no more than seven pee 
(either later Stimuli ог responses) E 28. 
its presentation and p 
Words with more than seven 11 се 

Vening items were Considered to have n. 
retrieved from SM. The purpose © 
first experiment was thus to exam" res- 
typical free recall experiment for the P 


ie a 


any 
ence of PI and to determine whether cyi, 
such effects were located in PM or in 
EXPERIMENT I h 
át 
Method. —Twenty yee 


nted А 
Student Ss were presente te free 
Unrelated words for тайа С an 
Was read by E at a 2-sec. rates 


eight lists of 15 
recall, Each list 
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|S i : 
then immediately wrote down as many words as he 


co i i i 
uld remember in 1 min. Instructions were for free 


| Ө 
Tecall with the modification that Ss were requested to 


| garded 


2 < .001, 


aes Write down the last few words in the list first 
Ss’ tee ont of this modification was to equate 
retrieved pl enpre that terminal Won, were 
TOm a pool of 200 > he w ords € were | гхи 
5 Were сіе s : comino tw o-syllab Є поре he 
of 2 or 3 d ped andividually orin ema оше 
with a unic u eh ei. or groon wae presen "d 
domly (od 5 set of eight 15-word me iru d 
explained, Ss he common pool. After the tas ves 
recall of the ы proceeded with the presentation an 
eight lists—no practice trials were given. 
RU The total number of words re- 
down by each S from each list was broken 
(а ао PM and SM components. In 
S experiment a retrieved word was re- 
vided Tee part of the PM component pro- 
vened ы по тоге {һап six items inter- 
fidis сеа its presentation and recall. 
а «SIS of variance on the data yielded 
* Significant effect of trials, F (7, 133) 
x РМ P < .001, and a significant Trials 
M/SM interaction, F (7, 133) = 11.25, 
cant inter; Figure 1 shows that the gen 
recall is action is due to the fact that Р? 
Word remained constant at just over three 
fai] S while the SM component declined 
tet, ee from about five and one- 
exper; Wo and one-half words. Thus the 
“periment has demonstrated the presence 


92 Pl in free recall and shown that this 


effect is located entirely within the SM 
Component, 
If PI in short-term recall is limited to SM, 


55 
l4 
ab i—i SM 
5 C 
2 ло] 
и 
ў Ph ums 
ке ge rue? М. o 
A—A 


254 
е P == О. 
7 8 


1 2 з 4 5 
TRIALS 
i M and 
16. 1. The number of words recalled from РМа 
from SM as a function of trials- 


it seems likely that the release from PI 
phenomenon is also a property of SM. 
Experiment II investigated this proposition. 


EXPERIMENT II 


Method.—ln an attempt to maximize PI, the 
words in successive free recall lists were all drawn 
from the same taxonomic class. The design con- 
sisted of giving one group of 20 Ss five 15-word 
lists—all words being drawn from one class. A fur- 
ther group of 20 Ss similarly received four homogen- 
eous lists but on their fifth trial were presented with 
a list from a different class. The Ss were tested 
individually. Each 15-word list was read by E ata 
2-sec. rate and S then immediately wrote down as 
many words as he could remember in 45 sec. As in 
Exp. I, instructions were for free recall but Ss were 
told to recall the terminal words first of all. Also, 
Ss were given full details of the experiment before- 
hand—that is, one group was told that they would 
have five similar lists and the other group told, for 
example, “уои will have four lists of animal names 
then one list of fruit and vegetable names." The 
category to be presented was given before each list, 
The point of these full instructions was to minimize 
any surprise or alerting effect of changing the cate- 
gory (Wickens, 1970). The words used were gener- 
ated from common instances of the following classes: 
mes, fruit and vegetables, parts of the 
body, natural phenomena, household objects, and 
trees and flowers. Each S received a unique set of 
lists drawn from the common pool. 


Results.—The total number Y 
called from each list was divided into PM. 


and SM components as in Exp. 1. 13 
mean numbers of words recalled under the 


various conditions are shown in Fig. 2. 


animal nar 


SM Pure 
SM Releose 
PM Pure 

PM Release 


WORDS RECALLED 


TRIALS 


‘called from PM and 
F . The number of words reca І 
ге SM as a function of trials and material. 


прег of words re- 


um 


.. This figure shows that the PM components 
| remained relatively stable across the five 
trials. The SM components declined in a 
similar fashion for both groups of Ss over 
the first four trials but while the “риге” 
_ PI group continued to show a decline on 
| Trial 5, the "release" group showed a 
strong release from PI effect. These ob- 
servations were supported by the results 
| of analyses of variance performed sepa- 
. rately on the PM and SM scores. The PM 
- scores showed no effect of trials, (F < 1) 
. while the SM scores showed a marked 
. effect of trials, F (4, 152) = 9.65, p « .001, 
. and a Trials X Groups interaction, F 
| (4, 152) = 3.15, р < .025. 

A second way of investigating the locus 
. of the release effect on Trial 5 is to calcu- 
late the serial position curves for the PI 
group and the release group. The serial 
position curves, smoothed to reduce noise, 
are shown in Fig. 3. Positions 1 and 15 are 
the raw scores; other points represent the 
means of three successive positions. Figure 
3 shows that the better recall by the release 
group is restricted to the first 10 serial 
positions; recall from the recency positions 
(generally accepted to reflect PM recall) is 
identical for the two groups. Again,it may 
be concluded that “release from PI" is an 
SM phenomenon. Figure 3 also makes 
the point that Exp. II generated typical 


то 


А———А Release Group P à 
9-----9 Р! Group 
o8 


PROPORTION CORRECT 


I mp 
E 10 15 

SERIAL POSITION 

Fie. 3. Serial Position 


and pi curves for the “Release” 
ni 


groups on Trial 5. 


FERGUS I. M. CRAIK AND JOHN BIRTWISTLE 


free recall curves despite the slightly un- 
orthodox instructions. 


DISCUSSION 


It has been shown that both the buildup af 
PI and the release from PI are effects limite 
to the SM component of free recall. The re- 
sults directly confirm the suggestion of Tags 
and Waugh (1967) that items in PM are M. 
pervious to PI while items in SM are EE 
More generally, they are consistent. with Ы: 
view that “semantic” variables аге nr 
to SM (Craik & Levy, 1970; Kintsch © 
Buschke, 1969). 

The present demonstration used free recall, 
whereas most “РІ in STM" studies have use 
the Peterson distractor technique. Can he 
present conclusions be extended to those earlier 
experiments? It seems likely that they cam 
since Glanzer, Gianutsos, and Dubin (196 
have shown that the PM component is elimin- 
ated by as few as six intervening items. | Thus, 
since the PI and release from PI experiment? 
typically use a 10 to 20-sec. retention interval 
it may be argued that these studies are also 
showing effects in SM. Shorter retention E 
vals would presumably depend more on Pars 
and, by the present argument, should show 
smaller PI effects. In accordance with this 
prediction, both Keppel and Underwood (1962) 
and Loess (1964) found essentially no PI effects 
at à 3-sec. retention interval, but substantia 
effects at longer intervals. 

Two points of theoretical interest follow 
from the present results. The first is that the 
Presence of PI in short-term as well as іп long" 
term retention is not good support for a con 
tinuum view of memory since a more detaile 

analysis of the short-term situation has T€: 
vealed different effects of PI on the PM p 
SM components. In fact, the finding th? 
terminal words in a free recall list are not VU 
nerable to PI effects while previous words аго 
is a further argument in favor of two distin’: 
Processes operating in short-term recall. Th 

Second point is that if “ rom 
PI" are essentially de 


PI” and “release f 


: à -odin 
ess aling with the coding 
characteristics of SM, there is no need to а 


tempt a resolution between the generally 7 


t -he 
mantic type of coding in STM revealed bY п 
release from РІ studies 


the generally nonse 
Sested by other Workers (Baddeley, 
Kintsch & Buschke, 1969). These two set? г 
Studies are simply dealing with two differe! 
components of short-term retention. 


mantic view of 
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E vc of view that PI effects are re- 
the effe to SM does not necessarily imply that 
Rhein me are permanent or even long term in 
Waugh (1967) In fact, studies by Loess an 
(1970) 1 967) and by Kincaid and Wickens 
2 min ens shown that PI dissipates within 
SVer: th Sane the Peterson technique. How- 
thatin s. Rome of view adopted here does imply 
isf short-term PI” experiments, retrieval 
rom the associative-semantic component of 
memory. 
EN do the present results 
enon? t T nature of PI or the release phenom- 
Mient : he most reasonable view at the mo- 
i" Seems to be that the buildup of PI is 
ity ur OUS with a drop in the discriminabil- 
gie items (or in the effectiveness of 
When ге cues) as the experiment proceeds. 
new dn he category of stimuli is changed, the 
and v ae ie of coding are thus less noisy 
PM per ormance is enhanced. If retrieval from 
relies on the use of very transient 


say anything 


acoustic t temporal- 

EREA cues (Tulving, 1968), then the finan 

а cues are not rendered less effective by 

sen ation from previous trials makes БОО 
se. 
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A SMALL-TRIALS PREE WITH ADULT HUMANS: 
RESISTANCE TO EXTINCTION AS A FUNCTION OF 
NUMBER OF N-R TRANSITIONS? 

LEONARD POON axp JOSEPH HALPERN ? 


University of Denver 


Human 55 received 10 acquisition trials under conditions of partial reinforce- 
ment in a modified gambling task. Groups differed as a function of percentage 
of reinforcement and number of N-R transitions. In addition to the demon- 
stration of a small-trials PREE, the results were in agreement with predictions 


made from sequential theory. Alternative theories developed from frustration 
models are also discussed. 


reinforcement extinction effect 
numbers of acquisition. trials 


ccessfully demon- 
Many studies with animals 
1971). Although there is no 


training, McCain (1966) re- 
ith as few as two to 


very limited attention has 


though such an effect pre. 


in a review of the alleyway literature nas 
ists since Lewis and Duncan concluded that Capaldi's sequential gen 
best handles the majority of the data rela 
trials. They modified a slot i 


as few as eight 
ing to animal PREEs, 
Halpern and Poon (1971) 


series of ех 
ig until they desired to stop. C 


that trial outcomes could be 


apaldi's (1967) sequenti 
adult humans, While 
formulations 
Were generally 


to extinction and perce 


quential theories of instru- 


the effects of Percentage of 
resistance to extinction, Ac- 


Capaldi's (1967) Sequentia] сап (1956). The 

al conditioning, the trials wit 
termined by the distribution of 
ed (N) and Reinforced (R) 


8 rats and 10 


967) Supported METHOD 
Subjects.—The Ss we 

Pported by a faculty grant undergraduate volunteers 

arch fund of the Graduate School, into seven groups 

Jenver to the second author, order to obtain 15 

nts should be sent to Joseph 

irtment of Psychology 

er, Colorado 80210. 


Thirteen Ss were disqu: 

ailure, E's errors, 

Playing during the 
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" University of 


acquisition phase, 


sequential theory. In that mei 
Spivey used four groups which differe pet 
percentage of reinforcement and num e 
of N-R transitions (number of times In 
R trial was followed by an N trial). el 
fines limited addition to a strong SMPREE, Бру 
found. that resistance to extinction e 
independent of percent of шше 
but increased with increases in number ) 
ith adult N-R transitions. Finally, Robbins (in press 


periments designed to evaluam 
al hypothesis E 

alternative theoretica 
Were proposed, the results 


ч ich 
чеп those portions of Sequential theory whic 
tioning (Capaldi, 1967) have deal with specific N-length constructs. The 


"d 
temploys a methodology 
used by Lewis and Dun 
Ss received 10 acquisition 
ith Percentage of reinforcement an 1 
transitions varying De 


re 105 University of peas 
randomly distribu in 
A total of 118 Ss were run 25. 
5 in each of the seven goni 
alified because of едшр ов 
» ог because Ss chose to S 


HUMAN EXTINCTION FOLLOWING N-R TRANSITIONS 


Я Apparatus. —The S was seated on an executive 
pwive] chair in front of a component integrated 
Buc The console was arranged in a semicircle 
h sisting of the following components: a gray box 
ousing electrical relays labeled “random sequence 
ркт еилер" an intercom, а modified Gerbrands 
а“ е dispenser with a “coin acceptance" box and 
em payoff box, a raised panel labeled. “electronic 
hin mulated slot machine” with a pilot light labeled 
Co signal” affixed on the top center of the panel. 
CSS bottom of the panel were two contact 
pla enes registering the decision of “play” or "no 
indies Another feedback light labeled “coin deposit 
Cod Sur was located in line with the play 
Sul switch and feedback light. The E was 
way ES in an adjoining room separated by a one- 
Eon 208: А tape recorder was used for instruction 
eds ith an intercom to handle questions. Hunter 
THe s ibi ere used for automatic timing of the gambl- 
ES Control and display panels were 
EE in front of E for. monitoring S's choice 
avior and for administering reinforcement. 
a М аныда S was told that he was in 
Kwon making experiment. The electronic 
d slot machine was controlled. by the 
of * i Sequence programmer and 5 had a choice 
NEN or “no play" on every trial. No play 
and ев as turning off the machine for a trial, 
Dicens пое of “по play" would result in an 
i atic penality of one penny. The S also had a 
кайы stepping play completely by simply 
to pla E & stop button. It would cost S one nickel 
three A and if he won the machine would pay off 
OPEM He was told that he would keep his 
^ ngs at the end of the game. 
ed y^ were randomly assigned to one of seven 
accordi Each group received 10 acquisition trials 
Tou Sca to the schedules in Table 1. The Ss in 
he К received continuous reinforcement while 
are aes partial reinforcement (PR) groups 
orcem, inguished on the basis of percent of ген. 
питье (first unit of the group designation) an i 
Brou : of N-R transitions (second unit of the 
1р designation). 
extincti criteria were employed à 
Cease ion. Pilot research has shown th 
Playing after seven consecutive 


s indicants of 
at Ss typically 
“no plays.” 


TABLE 1 


ACQUISITION ScHEDULES 
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Another criterion of extinction within the limits of 
the experiment was the number of trials before S 
ran out of money. The third criterion, which was 
used by Lewis and Duncan (1956), was the number 
of trials before S decided to stop playing. Resistance 
to extinction was simply measured by the number of 
trials before Ss reached one of the above criteria 
of extinction. 


RESULTS AND DisCUSSION 


The mean number of trials to extinction 
for the CR group was 26.86, and the means 
for the PR groups are given in Table 2. 
A comparison between the mean number of 
trials to extinction for the CR and PR 
groups showed a considerable SMPREE, 
1 (103) = 4.11, p < .01. More important 
are the differences between the PR groups. 
Inspection of Table 2 shows small dif- 
ferences among groups as à function of 
percent of reinforcement and more marked 
differences with respect to number of 
N-R transitions. A two-factor analysis of 
variance, with independent variables de- 
fined as percent of reinforcement (30, 50, 
and 70) and number of N-R transitions 
(1 and 3) with number of trials to extinc- 
as the dependent variable, yielded 
ant main effect of number 
F (1, 84) = 25.419, 


tion 
only a signific 
of N-R transitions, 
р < .01. These results confirm Capaldi's 
(1967) sequential theory and replicate the 
findings of Spivey (1967). 

Much of the strength of Capaldi's 
(1967) theory lies in the fact that it pro- 
vides predictions which are counter to the 
typical findings. That is, the inverse rela- 
tionship between percent of reinforcement 
and resistance to extinction, until recently, 
has been a ubiquitous empirical phe- 
nomenon and has formed the basis for 


TABLE 2 


© Trial ү 

E MrAN NUMBER OF 'TRIALS TO EXTINCTION 
tiela P^ EIER ИДЕ" 9 | 10 FOR ALL PR GROUPS 

se RiririrR{|RIRIRIR R|R Percent of reinforcement 

301 OR RIN[N|N|N NIN|N|R No. of N-R 

5025 міх ів імі R N|N N S transitions 3) 50 70 

et ккк мх 

WS [N|N|R[R|N|R|]R N [D 1 45.50 38.13 41.66 

01 каккан RIRIR IR 3 63.66 54.93 57.20 
х ккк 
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many of the so-called expectancy theories 
of the PREE. Consequently, more im- 
portant than the gross effects shown by the 
analysis of variance are the simple effects 
obtained via comparisons of cell means. 
Six specific predictions can be formulated 
where the empirically determined inverse 
relationship between percent of reinforce- 
ment and resistance to extinction would 
yield predictions different Írom those pro- 
vided by Capaldi's theory. The first set of 
three comparisons involves groups in which 
percent of reinforcement is constant and 
number of N-R transitions vary (30-3 vs. 
30-1, 50-3 уз. 50-1, 70-3 vs. 70-1). Table 2 
shows that in all three cases, resistance to 
extinction was greater for the group with 
three N-R transitions. The second set of 
three comparisons is obtained by pairing 
groups in such a way that the larger per- 
centage of reinforcement appears with the 
larger number of N-R transitions (50-3 vs. 
30-1, 70-3 vs. 30-1, 70-3 vs. 50-1). Again, 
from Table 2 it can be seen that the groups 
experiencing higher percentages of rein- 
forcement are also most resistant to ex- 
tinction. The chance probability of six 
Specific directional predictions for six 
binary events is .015. An analysis of the 
SIX comparisons was performed with Dun- 
can's new multiple-range test (Edwards, 
1968). Significant differences were found for 
30-3 vs. 30-1 (Ф < 01), 50-3 vs. 50-1 
(b « .05), 70-3 vs. 70-1 (p< :05), and 


70-3 vs. 70-1 (p< :01). Differences be- 
tween the remaini 


Support for th 
tions of the SMPREE, 

While the present result 
port a sequential theory explanation of 
SMPREE, it is not equally clear that the 
responsible variable is the number of N-R 
transitions. In this, as in other limited 
acquisition. experiments designed to test 
Sequential theory (e.g., Spivey, 1967), 
there is some confounding between the 
number of N-R transitions and Certain 
N-length variables, where N length is 
defined as the number of consecutive N 
trials preceding ап R trial. The groups with 
one N-R transition experience a single long 


s clearly sup- 
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N length, while those with three M 
transitions have three shorter N lengt is 
The confounding is inevitable since. = N 
impossible to devise a schedule in M 
lengths are constant while N-R Wen попі 
and percent of reinforcement vary with o 
simultaneously varying the ПШ си 
acquisition trials. If one were to jm 
Capaldi (1967) literally, with short айй ч 
tion (a situation where presumably n jf 
gle N length occurs with a frequency th) 
ficient to reach asymptotic habit lew 
N-length frequency is more important : = 
N-length magnitude. In one sense, Me 
the present results confirm the predic # 
that with preasymptotic habit v. 
N-length frequency rather than eio 
magnitude is the critical variable. vile 
fortunately, it thus becomes imposs! E. 
to determine whether N-length frequen 
or number of N-R transitions account 
the present results, 53 
гете to Capaldi's (1967) di 
quential theory typically involve крс: 
tioning assumptions such as those ‘oft 
Corporated in Amsel’s (1958) frustrate 
model. The model, as described by "- 
Hug, and Surridge (1968), specifies i 
the SMPREE is dependent on experien i 
ing at least one R trial prior to the N uer 
—nonreward is frustrating only in Er 
presence of the fractional goal respory 
(ra) and ry depends upon prior ead 
Inspection of Table 1 shows that all 270079 
with three N-R transitions initiated pu 
ing with N trials while all groups experien a 
ing one N-R transition began acquisiti? 
with R trials. Since each of the groups W! jt 
three N-R transitions were more resista 
to extinction than any of the groups ар". 
ing опе N-R transition, our results 27 
clearly contradictory to expectations e 
the Amsel, Hug, and Surridge (19 
frustration model. y 
A modified Version of frustration theor?, 
for the SMPREE 
Brooks (1969), wh 
that unconditioned 
greater. following 
limited acquisition 
typically yield CR g 
more 


has been suggested -t 
© emphasized the 
frustration (Rr) 
CR than PR. it 
training exper! Pd 
roups who e 
reward than PR groups, the for 


nc 


— se XL 


HUMAN EXTINCTION FOLLOWING N-R TRANSITIONS 


ups е extinction with more Rp. 
the a of has impressive support for 
(1970) ha of Rp, Capaldi and Waters 
Within айе ie handled Brooks’ findings 
Wong ae theory. Traupmann and 
tioning hy ) supported a countercondi- 
theory bi ome based on frustration 
tWeen a A CR training be- 
tinction. ris acquisition. phase and ex- 
either RRRR groups of rats. were given 
extinguisl "M or NRN R and immediately 
the Keg , while in two other groups 
X teaís е schedules were followed by 16 
noted d hi to extinction. A PREE was 
extinction Ti the groups with interpolated 
groups witl е: аһвепсе of a PREE in the 
can be zt rout interpolated CR training 
actors * tributed to any one of several 
to ha Specifically, the SMPREE tends 
ables cei elusive phenomenon. Vari- 
ridge, Ra т magnitude of reward (Sur- 
intertrial ashotte, & Amsel, 1967) and 
easily da interval (McCain, 1968) can 
will be etermine whether or not the effect 
four Sis s ds at all, especially with only 
all Ed trials. Finally, it 1s not at 
Беор x when 16 CR trials are 10- 
resultin ae Benea, PR and extinction, 
is ee acquisition trials, that one 
While | with an SMPREE. 

directly s mmay not be possible to speak 
theories ee ача of the components of the 
сайр eveloped by Brooks (1969) and 
effect апа апа Wong (1971), the possible 

‘ts of interpolated CRF training and 


quati 
ting fi 
ing for the number of rewarded 


Aequisiti 
isit , 3 
sition trials are important for se- 

ional group 


quent; 
ho theory. Thus, an addit 
üs i.e run in exactly the same manner 
Were j ip 50-3 except that five R trials 
Shown nterpolated between the schedule 
lus sis l'able 1 and extinction. This group 
(Traw perienced interpolated € RF training 
Mink of 4 & Wong, 1971) and the same 
le CR of rewarded acquisition trials as 
to arde n The mean number of trials 
Bests, ; ction was 57.96. This result Sug- 
efi du e least for the present task, that е 
acquisiti equating the number of rewards | 
fect ie trials is virtually nil, as i$ the 
interpolated training. 
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_ One final point deserves some discus- 
sion. Specifically, the definition of just 
what constitutes “small trials" is somewhat 
arbitrary. One criterion frequently used for 
a specification of small trials derives from 
frustration theory, ie. fewer rewarded 
trials than necessary to produce frustration 
on N trials. Since one of the purposes of the 
present experiment involved an attempt at 
replication of Spivey (1967), 10 acquisition 
trials were used. It is, however, clear that 
our human Ss have more information at 
the first acquisition trial (informed of win 
and lose contingencies) than do rats. Con- 
sequently, if one admits the viability 
of the frustration-derived specification of 
s, it is unlikely that we are deal- 
all-trials effect, although 
acquisition training was clearly limited. It 
may therefore not be appropriate to limit 
of the present results to 


small trial 
ing with a sm 


the generality 


just small-trials phenomena. 
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The Ss reported letters from unilateral 
conditions a 


sible hemiretinal viewing 
visual field superiority was 
superiority from bilateral display: 
two hemiretinae is better 
with temporal hemiretinae is bette 
parisons of monocular, triple 
demonstrated these results, and ana 


instructions again showed superiority 


goose studies investigating rec- 
stimulati of letter displays may involve 
both P * one or both eyes from one or 
visual feli a central fixation point in the 
stimuli s": iid When viewed binocularly, 
and wake р bilaterally (to both left 
curate sides, of fixation) are more ac 
(LVF) d recognized in the left visual field 
eese d in the right visual field (RV F). 
Presented or binocular viewing of stimuli 
or right of only. unilaterally, either left 
аа. fixation, superior recognition of 
reported. R 1n the RVF has typically been 
esses, and eading habits, attentional proc- 
been. TU em types of dominance have 
ite, 1966 to explain these results (see 
his diff : 9). At least part of the reason for 
bum ed in field superiorities, when 
may Бе а апа bilateral displays 
ispla the order of reporting the stimulus 
Edom since single-field (LVF or RVF) 
gerald 1 report of bilateral displays (Fitz- 
VF-d & Marshall, and force 
reel hen-LVF report (Douglas, 1968; 
Supe purne & Goldman, 1969) yields RVF 
riority. 
px from monocular viewing of letter 
Weller sometimes closely resemble the 
glass one binocular results (Good- 
differs, Barton, 1963) or show similar fie 
with nces between each eye's visual fields 
overall accuracy of one eye better than 


1B 
aset . = arti. 
sed on research by the senior author in partial 


fulfi 

oo of requirements for the MS degree 
Son, күш for reprints should be sent to H. Samp- 
land шен of Psychology: University of Auck- 
» Private Bag, Auckland, New Zealand. 


than viewing W 
r than viewin 


hemiretinal, and 
lysis of data collected under partial report 


of temporal hemiretinal viewing. 


and bilateral displays under all 15 pos- 
dministered in random order. Right 
found from unilateral displays and left visual field 
;. The data also showed that viewing with 


ith one hemiretina and that viewing 
g with nasal hemiretinae. Com- 
binocular viewing consistently 


the other (Barton, Goodglass, & Shai 
1965; Koetting, 1970). But at least three 
studies have reported greater field dif- 
ferences for left-eye viewing of unilateral 
displays (Markowitz & Weitzman, 1969; 
McKeever & Huling, 1970; Overton & 
Wiener, 1966), with stimulation of the left 
nasal hemiretina (left eye's LVF) 
accuracy of the four 
individual hemiretinae. This result may be 
accounted for by the joint action of left- 
cerebral and right-eye (acuity) domi- 
nance, or by temporal hemiretinal superi- 
ority with either cerebral or eye dominance. 

Not many monocular studies of bilateral 
displays have been reported. Crovitz and 
Schiffman (1965) found no eye differences 
with their bilateral displays. Both Cor- 
ballis (1964, two vertical letter pairs) and 
Crovitz and Daves (1962, in Crovitz & 
Lipscomb, 1963, 7? span of digits) found 


an RVF superiority for the right eye; ап 
also found 


eye's 
leading to poorest 


Crovitz and Daves 
superiority with binocular viewing, SUS- 
at least in the Crovitz an 


gesting that 
Daves study, the spacing of the stimuli, 


wider than the critical angle of about 4? 
(Kimura, 1959), has led to this atypical 


result. 

The intention of the present study is to 

examine, within the same experimenta 
ble viewing condi- 


15 possi 
the 9 conditions of monocu- 


ar viewing of unilateral and 
but also the double 


sessions, al 
tions: not only 
lar and binocul 


bilateral displays, dou 
nasal and double temporal hemiretina. 
conditions, and the 4 triple 


viewing 
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hemiretinal viewing conditions that may 
provide information about additive effects 


in monocular-binocul 


ar comparisons. For 


all these 15 viewing conditions the same 
type of stimulus was 


asked to report th 


order, left to right. The 
only in the number (0, 
hemiretina (nasal or te 
by each vi 
particular condition wa 


to 5. Comparisons of th 
Should allow close exan 


Changes in 
stimulating conditions 
allow general statement: 
tions that are more b 
those from monocular ar 


alone, 


Subjects —Five ps 
students served as Ss. 
amined and accepted as $ 
teria: (a) full binocular v 
normal ACA ratio 
the Viewing dist 


sual field. 


recognition that occur 


Метис 


All у 


equal to or better than 6/6 a 
€ye under the binocular-bal, 


(4) refractive status 
emmetropia to .75D hy; 


Jero 


equal in each eye and wit 
astigmatism, (e) interpupil 
2mm., and (f) right-handed 
least .85, Humphrey, 1951). 


Apparalus.—Tw 
ally programmed tachistosc. 
the department, 
White-coated, cold 


luminance, 


black fixation Spot of 4' di 
Posures were 


them: 


T 


Each fie 
cathode 
he adaptation 


ar 


50 msec, The 
Ives by pressi. 
binations of hemiretinae 
combinations of y 


wert 
ertically 


metal plate positioned .62 m 


Path of the st 


edges to 


lowed precise 


eye’s visual fiel 
60 + 2 mm, 


binocularly) E 
of occluders |e 


path, 
Stimuli, 
case letters 


St 
( 


imulus field. T 
Prevent light passin, 


hemiretinal 
d with an in 


The adaptation field w 
vas seen binocularly, 
cally and 3°26! 
stimulus field ( 


horizontal! 


vas determine: 
t down into (| 


imuli Were six 
-etraset 387), 


ision with stereopsis, 


and no marked heterophoria at 
ance of 1.22 m 


о fields were 


ng а microswitch, 


also 2950! x; 3956; when 


used, and Ss were 


€ display in the same 


conditions differed 
1, or 2) and type of 
mporal) stimulated 
On any trial the 
s always unknown 


пе various conditions 


lination of any 
as 
change and could 
5 on viewing condi- 
roadly based than 
nd binocular studies 


ID 


thology department staff or 


were optometrically ex- 
with the following cri- 
is, (b) 


+ (c) visual acuity 
nd equal acuity in each 
ince, simultaneous con- 
within the range from 
dia (equivalent sphere), 
h no more than 50D 
lary distance of 60+ 
(dextrality index of at 


used of an electronic- 
ope manufactureq in 
ld was illuminated by 
lamps, reflecting .8-mL, 
meter. All stimulus ex. 
Ss triggered the display 

Specific com- 
е stimulated by altering 
sliding occluders in a 
п. from S in the Optical 
he occluders had slanted 
g between them and al- 
stimulation from each 
terpupillary distance of 
ith the fixation 
subtending 2°50’ verti- 
y, and viewing of the 
Viewed fully 
d by the Combination 
he stimulus field Optica] 


random, black, upper- 
excluding M and W, 


ide of the 

spaced in two groups of three let ters а we 
center of an off-white card. Individual c izontally 
tended 14^ vertically and a mean 10 eo d 
at the 1.22-m. viewing distance. Faiet E ER 
three letters subtended 45^ and the total Eum ap- 
display 2°15’. Each of the letters used act sitios 
proximately equally often at each of the Se d nid 
"There were 75 stimulus cards, randomly sor 
five groups of 15 cards each. aintali 

Procedure.—The Ss were instructed to ral to 
fixation on the central spot in the OE г 
trigger the stimulus when ready, and to кг viewing 
port the stimuli from left to right. The 2 random 
conditions were administered in five differen хле ae 
orders in one experimental session. ROAT ETIA 
sessions were run. On any trial, S could no E 
mine what type of hemiretinal шш ral Ga 
occur or whether the display would be unila d E. 
bilateral. Individual letters were scored вс 
gardless of their location in the report seque 


RESULTS 


-rect 
Table 1 shows the mean percent te 
recognition for the 15 viewing conditi wn 
the results for each visual field гр 
separately. Diagrams on the left of eem 
indicate which hemiretinae are stimu ; are 
in each condition, and the hemiretinae ME 
named in the cells next to the percent vin 
rect recognition figure, Binocular Ep 
of these displays exhibited the usual Bp 
ings, i.e, RVE superiority of uper 
displays (a difference of 9.0%, see PE p 
heavy line; Cond. 13 and 14) and E 
Superiority of bilateral displays (a ine; 
ference of 20.0%, see Fig. 2, heavy li! се 
Cond, 15), Arialvais: of results, from Vae 
conditions yielded à significant V e 
Field x Unilateral/Bilateral pr 
F (1,4) = 12.38, р < .05. Monocular RVE 
ing of unilateral displays led to 1 left 
superiority only for left-eye viewing ve 
буе 22.0% RVF superiority, right -hin 
7.0% LVF superiority, see Fig. 1, tip 
lines; Cond. 1, 2, 3, and 4), Eye X 05. 
interaction, T" (1, «у 1248, p <: of 
This result resembles more closely mer of 
Overton and Wiener (1966) than that © 
Markowitz and Weitzman (1969) or hese 
Keever and Huling (1970), although ne? e 
Studies also show а greater laterality a 
ference for the left eye. With толесе. 
viewing of bilateral displays (Cond. 1 (вес 
8), both eyes showed LVF superiority ja 
Fig. 2, thin lines) like the normal binoct 
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TABLE 1 


Diac = aes 
RAMS OF CONDITIONS OF STIMULATION 


AND Маки Pun AER Correct 
{COGNITION UNDER EACH 
CONDITION 

s Diag { 

No. | шшш LVF RVF 

: О D 83.7 RT 

3 = Ø 76.7 RN 
> O LT 83.0 

Е О |х 610 

: e D 69.0 RT| LT 57.3 

: Ø LN 63.0 530 RN 
3 О g 77.0 RI 43.0 RN 
4 ow © [LN 590 LT 543 

v o Ø LN 59.3 LT 647 RN 
їп х D LN 80.0 RT| LT 50.7 

їз ® x LN 803 RT 470 RN 
* Ø V то RT| LT 61.3 RN 
3 D D LN 80.3 RT 

" @ Ø LT 89.3 RN 
J5| Qj Qj [LN 763 RT] LT 363 RN 


Note EA t 

Named K Blank. cells indicate field occlusion. 

identity, Pemiretinae (LN, RT, LT, RN) in cells 
ype of stimulation for that condition. 


Tesul 

t T z 

vas is but the larger laterality difference 

he by A right eye (34.0% compared to 
t-eye laterality difference of 4.796; 


gi BINOC. 
во LE 
RE 


PERCENT CORRECT 
3 


UNILATERAL 


RVF 


sn of unila 
hick line) а! 


m LVF 
ae IG, 1. 
isplays ` Percent correct recognitic 
heise e na binocular viewing (t 
ar (LE and RE, thin lines) viewing. 


teral 


131 


5 80 
ш 
& 70 
о 
о 

60 
z BINOC. 
& 50 
E BE 
5 
a 40 RE 

BILATERAL 
LVF RVF 

Fic. 2. Percent correct recognition of bilateral 


displays with binocular viewing (thick line) and 
monocular (LE and RE, thin lines) viewing. 


Eye X VF interaction, F (1, 4) — 52.82, 
p< 01). Both these monocular unilateral 
and bilateral Eye X VF interactions are 
consistent with a significant overall tem- 
poral (compared to nasal) hemiretinal 
superiority and agree with the Markowitz 
and Weitzman finding of an overall tem- 
poral hemiretinal acuity superiority in à 
noncompetitive viewing situation. 
Monocular-binocular com parisons.— Bin- 
ocular viewing generally allowed more ac- 
curate recognition than monocular viewing 
(see Fig. 1 and 2). The binocular level of 
however, was close to the 
monocular level when monocular viewing 
involved temporal hemiretinal stimulation. 
This suggests that the added nasal hemi- 
retinal stimulation in binocular viewing has 
only a small effect. Scheffé tests on COn- 


trasts of nasal, temporal, and both hemi- 
retinal conditions in Fig. 1 and 2 showed 
that only the nasal hemiretinal conditions 
differed from the others at the .05 level of 


significance. 
Double nasal and double temporal hemi- 
retinal stimulation. —The effects of nasal 
and temporal stimulation may be relatively 
stable and be maintained in various com- 
binations of stimulating conditions. 
direct test of this stability can be made by 
(Cond. 


comparing monocular viewing 
and 8) with double nasal and double tem- 


poral hemiretinal stimulation (Cond. 5 апа 
6), а сотрагіѕоп involving only single 
hemiretinal stimulation in each visual field, 
and the two groups of conditions differing 
only in the type of hemiretina that is being 
nultaneously stimulated. The left eye's 


recognition, 


sil 
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hemiretinae are fairly similar in this 
comparison (LN scores in monocular view- 
ing, Cond. 8, vs. LN Scores in similar 
hemiretinal viewing, Cond. 6, differing by 
4.0%; and LT scores in monocular viewing, 
Cond. 8, vs. LT scores in similar hemiretinal 
viewing, Cond. 5, differing by 3.0%, see 
Fig. 3). The right eye's scores differ by 
10.0% (RN) and 8.0% (RT). Stimulating 
the other eye’s similar hemiretina simul- 
taneously appears to lessen laterality dif- 
ferences, but the LVF superiority remains 
(10.8% overall, F (1, 4) = 15.50, р < .05) 
and does not significantly differ from the 
monocular viewing LVF superiority of 
19:307 (Monocular/Similar Hemiretina X 

F interaction, Е (1, 4) = 2.38, p > -10). 
The smaller laterality differences may be 
the result of a minor compensatory effect : 
with similar hemiretinae stimulated at the 
same time, each being approximately 
equally efficient, the total amount of 
recognition is more evenly divided between 
each field, 


Triple hemiretinal 


viewing.—Fig. 4 pre- 
sents d 


ata together from monocular viewing 
Мапа data from the triple hemiretinal condi- 
_ tions. The heavy line in Fig. 4a shows 
recognition percentages with left-eye view- 
ing of bilateral displays, and in Fig. 4b 
with right-eye viewing of bilateral dis- 
plays (the same data as plotted in Fig. 2). 


are triple 
are monocular 
ith one hemiretina of 
viewing the bilate 


The added points in Fig. 4 
hemiretinal conditions which 
viewing conditions w 


also 


the other eye ral 


PERCENT CORRECT 
$8 83 8 


a 
o 


LVF 


Fic. 3. Percent correct recognition of bi 
displays with monocular viewing (RE and LE, con. 
tinuous lines) and similar hemiretinal viewing (ТТ 
and NN, broken lines, Cond, 6 and 5 of Table 1), 


RVF 


lateral 
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Жее the 
display. Considering the left eye, th 


ps i ne nre CONS 
"extra" hemiretinal conditions are C 


9 and 10 (RN also viewing RVF, and В 
also viewing LVF); for the right eye di 
"extra" conditions are Cond. 11 ка. 
(LN also viewing LVF, and LT also Mar. 
RVF). Points representing data from oad 
conditions are identified in Fig. 4 zi t in 
example, +RT, which indicates tha left 
this case the LVF is seen by both the mi- 
eye and by the right eye's temporal = at 
retina. Points in the other visual field, " 
the other end of the line representing Mu. 
hemiretinal conditions, represent data W E 
that visual field is seen by only one € 
retina (the same hemiretina as the n 
lar viewing condition). Analysis is. 
that recognition is improved when a у "e 
field is seen by two instead of one hena 
retina while the other, simultaneous 
viewed visual field is scen by only 05, 
hemiretina, F (1, 4) = 17.66, p к. 
and is greater for the added n a 
hemiretina, F (1, 4) — 34.08, p< 0 ther 
main effect in difference scores. Ano 
analysis of triple hemiretinal conditi? й 
сап be made by comparing them in- 
binocular viewing conditions. Now, . le 
Stead of observing an additive effect of nd 
hemiretinal viewing on monocular viet 
we may observe а subtractive effect of 6 
cluding one hemiretina’s view of display 
Seen binocularly, In Bi 5 е p 
hemiretinal conditions are plotted so Е. 
the effect of occluding one hemiretina i 
be studied. The heavy line represents ints 
of binocular viewing, and the added Pig 
are identified, in an analogous way tO 
3 by the hemiretina that is occluded. e 
Fig. 5a, the line with the LVF point аре, 
— RT indicates that it is the right z 
temporal hemiretina] that is occluded this 
that the data point at the other end of og 
line is from two-hemiretin Re 
nition is impaired 
retina, F (1, 4) = 
impairment is greater for temporal E 
retinal occlusion, F (1, 4) — 8.40, Aem 
The comparisons of triple hemire one 
viewing (whether adding or occluding аг 
hemiretina) with monocular and wt . 
viewing both lead to the same conclus! 


8.05, p — .05, d hem 


е 
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Fic. 4. Percent correct recognition of bilat 
(In Fig. 4a, 


and triple hemiretinal viewing. 
tions are compared with 

viewing LVF and LT viewing RVF, 
viewing RVF and LN viewing 
hemiretinal conditions are comparet 
-ELN (LN and RT viewing L 
(LT and RN viewing RVF an 


Геб и а 
ану is better when viewing а dis- 
and bette wo rather than one hemiretina, 
rather i when viewing with a temporal 
these pe un a nasal hemiretina. Both 
Parison of usions are extensions of the com- 
ing of ur esie and binocular view- 
plays, Tri үә аз well as bilateral dis- 
Not unea iple hemiretinal stimulation does 
tory Е стою confirm any compensa- 
monocula That may be present 11 the 
temporal. and double nasal and double 
aterality bad conditions. Although 
hemiretinal - ferences obtained with triple 
trom Tipan pna. do scem to swing away 
ing (Fig a tained with binocular view- 
ound х Фын а significant difference is 
“соб when one hemiretina 15 occluded. 
n in the other visual field does 


not 
Show much compensatory improve- 
m 80 
о 
К 
€ 7o 
$ 
o 
[Rn BINOC. 
Z 50 =н 
O 
с 
a 40 a 
RVF 


LVF 
orrect recogn 


Fic, 5. Percent c ‹ 
al viewing. 


and triple hemiretin 
indicated by —RT 

(RN occluded from viewing 
viewing. In Fig. 5b, triple hen 
(LN occluded from viewing LVF, 
viewing RVF, Cond. 11) are compare 


left-eye viewing, 
Cond. 10) and +RN (RN and DT 
LVF, 
d with right-eye viewin| 
VF and RN viewing RVF, Cond. 11) and +LT 
d RT viewing LVF, Cond. 12).) 


ition of bilateral displays W 

(In Fig. 5a, triple hem! 

(RT occluded from viewing L 
RVF, Cond. 10) are compared 

airetinal conditions i ed by —LN 

Cond. 12) and —LT (L 

d with binocular 
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so} +LN 

70 

60 +LT 

50 

40 b RE 
LVF RVF 


eral displays with monocular 
two triple hemiretinal condi- 
identified by +RT (RT and LN 


Cond. 9). In Fig. 4b, two triple 
g, identified by 


ment, F (1, 4) = 4.64, .10 > p > .05, and 
the correlation of Ss’ triple hemiretinal- 
binocular difference scores is only r = —.18 
(mean within-cell correla tion). Comparison 
of triple hemiretinal viewing with monocu- 
lar viewing (Fig. 4) is even less convincing. 
Here, recognition in the visual field seen 
by only one hemiretina remains fairly 
stable and quite similar to the monocular 
result. 

Compensatory effects in "other visual 
field” conditions can be examined by com- 
paring all single hemiretinal viewing results 
when the other visual field is either not seen 
or seen with either one or two hemiretinae. 
When this analysis is made, apart from a 
difference associated with unilateral and 
bilateral displays, there was nothing found 
that has not been described earlier (i. 


80 
то —LN 
60 

BINOC. 
50 іт 
40 b 


RVF 


ith binocular 
iretinal conditions 
9) and —RN 
to binocular 


LVF 


VF, Cond. 


ndicat 
Т occluded from 


viewing.) 
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temporal greater than nasal, smaller later- 
ality difference for similar hemiretinal 
viewing, VF X Unilateral/Bilateral display 
interaction). A difference in recognition be- 
tween unilateral and bilateral single hemi- 
retinal conditions may, of course, be re- 
garded as a compensatory effect. Unilateral 
Scores are higher than scores from one 
visual field in bilateral displays. However, 
this difference is associated with reporting 
three versus six letters, and so percent cor- 
rect scores will obviously be higher when 
only three letters are to be reported. Much 
the same conclusion applies when all 
two-hemiretinal viewing conditions are 
compared. 

Partial report.—Fifteen additional trials 
Were run under the single hemiretin 
ditions (Cond. 1-12) when the five Ss were 
required to report only one visual field, 
that field indicated by a thick bar above 
and below one side of the displays. Under 
partial report instructions, КҮЕ superiority 
was universal. In the bilateral conditions 
used (single hemiretinal stimulation of 
Cond. 5-12), LVF recognition levels de- 
creased а mean 16.3%, compared to when 
full report was required, and RVF recogni- 
tion levels increased a mean 23.067. Ana]. 
ysis of all 16 report-stimulation conditions 
showed an overall RVF superiority of 
22.5%, Е (1, 4) = 39.74, р < .01, апа, аѕ 
with full report instructions, an 
temporal hemiretinal superiority, 
= 28.19, p < .01. 


al con- 


overall 
F (1, 4) 


Discvsston 

The present dat 
found (unilateral 

LVF superiority) fo 

monocular viewing. 


а Support results normally 
RVF Superiority, bilateral 
or binocular and sometimes 


n Bilateral LVF Superiority 
may confirm various reading direction hypoth- 
eses (White, 1969) and unilatera] RVF super- 
lority may confirm a directional and/or a 
cerebral dominance explanation, The Present 
data, however, clearly show additional effects 
Seeing a letter display with two hemirctinae m 
better than seeing it with one, and better with x 
temporal than a nasal hemiretina, These are 
the main findings of the present study, shown 
hy two comparisons: Monocular—binocular 
comparison and the triple hemiretinal com- 
parisons. 


Binocular viewing is generally Superior to 
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eS Е or bi- 
monocular viewing, whether unilateral 


ү 2 single - 
lateral displays are being compared, and 


temporal hemiretinal viewing results in pe 
nition levels more similar to raus ^ par- 
than single nasal hemiretinal levels. iretina 
ticular, the right eye's temporal cope as is 
appears to be as efficient for D 
binocular viewing, even to the extent o ity DY 
ing the typical unilateral RVF superio rity 9 
7.0% (see Fig. 1). However, the mee QR we 
temporal hemiretinal viewing is genera ‘in both 
attribute the Eye X VF interactions, i! more 
unilateral and bilateral displays. to Com- 
efficient temporal hemiretinal viewing. with 
parisons of triple hemiretinal im Ко 
monocular and binocular viewing again than 
strate that two hemiretinae are р й con 
one, and temporal better than nasal, ditions 
clusion being made this time from cond hemi- 
when only one visual field is seen by two опо 
retinae. Adding another hemiretina tom mul 
ular viewing, or occluding one from eee: 
viewing, with greater effect if that hemire ; 
temporal, allows the conclusion that 
hemiretinal effects (two better than. е 
temporal better than n sal) are not аре, 
any particular combination of stimu um 
For the experimental conditions and рр 118 
visually symmetrical subjects employed in a Я 
study, at least, it appears possible to ue 
binocular recognition scores from клонів, i 
monocular scores and information about a 
retinal effects. The present study consiste то 
Shows temporal hemiretinal superiority. |. dê 
the extent that recognition of letters d yit 
upon acuity, this result agrees with Mar г gal 
and Weitzman's (1969) finding of superio yed 
detection of 1945' eccentric Landolt Cs VI^ де 


ессе rest 

by temporal hemiretinae, But the Е (Еі, 
monocular and binocular bilateral result 
2) could hard 


ly differ more from the ape b 
reporting a spaced string of digits (see “ңа, 
& Lipscomb, 1963). In this latter study: * laf 
hemiretinal viewing was close to р ir 
viewing, and even though the stimuli an 
plays differed from the present ones 1n e nuc? 
type of material, and recognition was renti 
lower, it is difficult to see why these diffe as 
Should reverse the relative efficiency © iori 
and temporal hemiretinae. Nasal supe" ip? 


is also found in color rivalry (Crovitz s igi? 
comb, 1963 


tion: 


) and in reporting rivalrous of, 
(Bower & Haley, 1964; Sampson, 1969). (029^, 
tralateral Projections to the visual cortex ` jn? 


hemiretinae 


a 
; domt?“ -on 
) have been regarded as do?" jo 
ipsil 


aged зега ad 

ateral projections in binocular Согог otl 

and competition (Walls, 1953), but Wey 
z H jot 

seem that in noncompetitive stimulat!o 


| 


"= 


HEMIRETINAL EFFECTS IN LETTER RECOGNITION 


dba important in determining response 
Tl 4 temporal superiority can be found. 
Deo чөй ыд ы of number and type of 
always Pam made with the present data have 
bilateral Sen within the basic unilateral or 
Sek pee so that any explanations 
difference: i account for unilateral-bilateral 
of уле e not relevant to our examination 
right i ees effects. Similarly, for left and 
Сеш of the displays. letters were equally 
cannot ex distance from fixation alone 
The ma xp am. the obtained hemiretinal effects. 
is LPS Lene of hemiretinal effects, however, 
tially re Н by the effect of partial report. Par- 
great p bilateral displays yields just as 
displays Ee oon | as reporting unilateral 
crm et or “partially D. confirming 
Superiorit jan Marshall s (1967) strong RVF 
isplays У when partially reporting bilateral 
mig binocular viewing. Single letter 
1970) p sed recall from unilateral (White, 
971. Win ateral displays (Smith & Ramunas, 
differen Hii & Bruder, 1968) shows minor 
Scores Ws between total LVF and total RVF 
lated stu eo curves in these and re- 
cal iad roughly follow either a symmetri- 
quence e gradient ora within-feld report se- 
Usually Ex ora combination of the two, with, 
to hes a eie positions superior or equal 
therefore chow positions. It would seem, 
etter Mass some type of serial processing 
lalf-fiel displays is involved in full and partial 
RVF eld) „report. Douglas’s (1968) large 
ен Ree (43.1%) when practiced Ss 
Points to d VF of a bilateral display first also 
he partia i importance of report conditions. 
OWever = report data of the present study, 
ic dea displayed temporal hemiretinal 
ирен y, and we would also expect the 
ority of two hemiretinal viewing to be 


oun 
d reg; È 
regardless of report requirements- 
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LEARNING TO CLUSTER ! 


CHARLES P. THOMPSON? axp DANIEL L. ROENKER 
Kansas State University 


In three experiments, 
categorized word lists, 
cluster effect wi 
clustering on th 
however, 


‚ Ss received three trials on each of three successive 
- In all instances, the data show a dramatic learning-to- 
ith clustering on the first trial of the second list equivalent to 
€ terminal trial of the first list. Intralist, trial-to-trial recall was, 
unaffected by the large changes in degree of clustering. 


The term "learning to learn" has been 
applied to the observation that perf 


improves over successive tasks үү) 
similar in nature. 


ormance 
hich are 
This improved perform- 
ance presumably reflects the learning of 


the task requirements by S. But each 
learning task imposes multiple require- 
ments (e.g., a typical free recall task in- 
volves pacing during presentation, written 
recall, etc.), and these requirements must 
be examined Separately before it will be 
possible to determine what S is 
when he is “learning to learn." 

pen the task is the free recall of 
Categorized word lists, one of the task re- 
quirements seems fairly obvious. Organiza- 
tion of the to-be-remembered material 
facilitates (e.g., Mandler, 1967; Sturges, 
Crawford, & Nelson, 1971) recall. Since 
organization aids recall and intralist organi- 
Zation increases with practice, it seems 


reasonable to hypothesize that learning-to- 
learn effects may reflect, at le. 
the increasing ability of S to 
material for recall. Th 
task requirements is th 
organize the material 
this has been 


learning 


ast in part, 


1This research was su à pre- 
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of similar nature. In categorized Wi 
lists, increased organization is арр3те 
reflected by increased clustering e. 
clustering increases over trials and be. E 
clusterers recall more than poor сш 3 
(Thompson, Hamlin, & Roenker, anal 
Thus, the present experiments were = a 
yzed to determine whether Ss learn По? 
cluster categorized word lists. 


METHOD 
Experiment I 


ent? 


stud 
Subjects.—The Ss were 60 summer school st heir 


> " А id for t 
at Kansas State University who were paid f: 


х teste 
Participation in the experiment. All Ss were 
in groups of 10, 


d 

d р selecte 

Materials.—Vourteen categories were "welt 

from the Battig-Montague norms (1969). Ak 
exemplars were 


selected from each category: 
though individual items 


quency from 1 to 362, 


A 
E ative 

ranged in normes. er 
the mean fteque ^ 
Category was matched across all categorie” cp, 


а = сё 

total of nine lists, composed of 4 categories 

were generated from these 14 categories.? 
Experimental 


dc 
design.—A repeated-measuret. 4 
Sign was employed with all Ss receiving eus T 
recall trials on each of three lists. To insure th ito 
results were not list specific, Ss were divider ying 
three groups of 20 Ss each with each group 2 m 
a different set of three lists. No category i ae 
Peated in any three-list set. Each group was up E 
subdivided such that half of the Ss in each m saw 
one order of presentation and the other hal tS) A 
different order of presentation of the three 120 30 
Procedure.—The words were presented at ing HA 
rate with a Kodak Carousel projector dur ando, 
Study portion of each trial A different T? ph 
Order of presentation was used for each tria” 


а, 

2 Тһе unusu 
lists stems fro 
here origin 


is тўй 
al combination of categories ^ pte 
m the fact that the studies fepe? 
ally included a fourth list, which Г o P^ 
categories from Previous lists in an attemp! ta "egt 
duce proactive interference, Since the uu лі? 
those lists represent а combination of both hey * 
to-learn and Proactive interference effects, t 

excluded from the present analysis. І 
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cad dwing the presentation of cach word, identified 
categor gory membership of the word by writing the 
M. y initial in an answer booklet. This pro- 
each wi was employed to assure that Ss attended to 
ord. 
озш the final word in the list, a three-digit 
гад ms presented. The Ss filled a 30-sec. 1n- 
ifs iba ре presentation and recall by count- 
ees wards by three's from that number at à 
ated Med This filled interval presumably elimin- 
(Gl; е short-term memory component 1n recall 
Pu & Cunitz, 1966). 
Cat ae were allowed for recall on each 
any dem he Ss were permitted to recall the words in 
recall er that occurred to them. Each study and 
the ушн шы was recorded on à separate sheet in 
used jane booklet. A 30-sec. unfilled interval was 
iE etween trials and a 3-min. interval between 


Experiment IT 


pects —The Ss were 60 introductory psychol- 
ticipa сосен at Kansas State University who par- 
cours ed in the experiment in partial fulfillment of 
of io requirements. All Ss were tested in groups 


e— The materials, 


M 7 > 
Laterials, design, and procedur 
1 to those used in 


esign, a H : 
Ex gn, and procedure were identical 
Xperiment I. 


Experiment III 


Nr ien —The Ss were 30 summer school students 
E »tate University who were paid for their 
tested pation in the experiment. All Ss were 
jr) A ag of 10. 
i eR i Re categories 
ерту, Battig-Montague norms 
Were y consisted of seven exemplars. Exemplars 
chosen such that the mean frequency per cate- 
Items т ories. Individual 
the Ааа in frequency from 10 to 426. Further, 
in thi horndike-Lorge mean frequency of occurrence 
d English language per category Was matched 
te ss all categories with the range of individual item 
quencies being 1 to AA. A total of seven lists 


were selected 
(1969). Each 
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of 6 categories each were generated from these 26 
categories. 

1 Experimental design.—A repeated-measures de- 
sign was employed with all Ss receiving three 
study-recall trials on each of three lists. To insure 
that the results were not list specific, 5s were 
divided into three groups with each group viewing à 
different set of three lists although, in this case, the 
same first list was used for all three groups. No 
category was repeated in any three-list set. 

Procedure.—The procedure was identical to that 
employed in Exp. I and II. 


RESULTS 


Within each experiment, recall and 
clustering scores were computed for each 
S for each trial of each list. The index of 
clustering used, ARC, fixes chance and 
perfect clustering at 0 and 1, respectively. 
Thus, the measure represents the relative 
amount of clustering between chance and 
perfect performance. A detailed descrip- 
tion of the ARC measure may be found in 
Roenker, Thompson, and Brown (1971). 


Experiment y 

— The mean ARC score for 
each trial for each list is presented in the 
upper portion of Table 1. An analysis of 
variance performed on the clustering data‘ 
demonstrated that intralist organization 
increased over trials, F (2 116) = 29.97, 
p < 001. More importantly, Ss improved 
their clustering performance over succes- 
уе lists 4^ (2, o= 55,05, p < 001. 


Clustering: 


1 During initial data analysis, à single S's protocol 
inadvertently destroyed. Thus, the analyses 


was 
based on an № of 59 instead of 60. 


reported are 


TABLE 1 


ALL SCORES FOR EACH 


JEAN E ATIO OF CLUSTERING (ARC) AND REC. 
2 ADJUSTER MAL OF Each LIST FOR EXPERIMENTS yanp II 
List 1 List 2 List 3 
E i Tqriala | Trial3 
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3 Trial 1 rial 
i а а 
АРС m 65 л 70 83 2 | 2h wit sS 
її Recall 14.61 21.00 23.08 16.59 23.24 26.14 ; 22. 
3 S 5 73 .85 .81 
AR 75 63 80 85 73 
Rest T m э 16.73 | 2548 | 7597 174g | 23.50 | 2588 


p- 
мес score 
л ә 
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However, as shown by the significant Lists 
X Trials interaction together with a sub- 
sequent Newman-Keuls test, the increase 
in clustering performance across lists mani- 
fests itself in a dramatic increase between 
List 1 and List 2, with no reliable improve- 
ment thereafter, F (4, 232) = 2.90, p < .05. 

Recall.—Mean recall for each trial for 
each list is also presented in the upper 
portion of Table 1. Recall performance 
increased over trials, F (2, 116) = 282.99, 
P < .001, and over lists, F (2, 116) — 17.67, 
P < .001. The Lists X Trials interaction 
Was not statistically significant. 


Experiment II 
Clustering —The results were virtually 
identical to Exp. I, with clustering per- 


formance increasing reliably across lists, 


1.0, 


а О к 


4 
3 
123 123 1 2 53 
List 1 List 2 List 3 
Trials on Successive lists 
30 
E b 
Li 
© 
@ 25 
m 
o 
o 
4 
S 
б 20 
с 
с 
o 
= 15 


List 2 List 3 
Trials on successive lists 

Fig. 1. (a) Mean adjusted ratio 

(ARC) scores for each trial for e 

or Exp. Jil, and (b) me: 

trial for each of three list 


of clustering 
ach of three lists 
an correct recall for c. 


ach 
s for Exp. П. 


ч 


F (2,118) = 20.54, р < .001, and inta 
organization increasing across tria ME 
(2,118) = 54.21, p < .001. The гата 
increase from List 1 to List 2 in ye ү 
performance once again obtained pun 
reflected in the significant Lists X 001. 
interaction, F (4, 236) = 6.68, p No 
In this experiment, the Newman- "a Я 
test on the interaction means So 
reliable increase in Trial 1 clustering кй 
List 2 to List 3, with no comparable ш 
crease for Trials 2 and 3. The trial-by-t E. 
clustering data for Exp. 11 are shown 
the lower portion of Table 1. | Pu 
Recall.—As in Exp. I, recall ince 
over trials, F (2, 118) = 302.88, р < 000 
and over lists, F (2, 118) = 15.97, p < e es 
The Lists X Trials interaction was not ге- 
liable. The mean recall data are also P 
sented in the lower portion of Table 1. 
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Experiment III m 
Clustering.—Once again, clustering <8) 
creased reliably across lists, F (2 58) 
= 16.19, p < .001, and trials, F (2, ists 
= 18.42, p < .001. As before, the List 
X Trials interaction was significant, e 
(4, 116) = 4.58, p < 01. These data * 
presented in the upper portion of Fig. 
A Newman-Keuls test on the interact! 
means showed a significant increase no 
clustering from List 1 to List 2, with 
reliable change thereafter, the 
Recall —For comparative purposes; yer 
recall means are presented in the a 
portion of Fig. 1. As can De seen, 26 04 
improved over trials, F (2, 58) — ee 
P < .001, and over lists, F (2, 58) = 1118 
P «.01. As before, the Lists X a 
interaction Was not statistically signific® 


on 


jt 


Discussion К, 
а 
The data unambiguously demonstrate va 
Ss learn to cluster over successive catego" of 
Word lists. The most rapid changes in clus ad 
ing performance take place between List Ө tel 
List 2, with essentially no change ther” el 
(see Fig. 1). The change in clustering atit 
formance over the first two lists is бата 
with first-trial performance on List 2 ы E 
lent to terminal-trial performance on MS 


LEARNING TO CLUSTER 


In short, the data show that learning to cluster 
occurs and is essentially complete after multi- 
ple trials on a single categorized word list. 

In contrast to the clear learning-to-cluster 
effect, the relationship between the clustering 
and recall data does not suggest an unambigu- 
ous interpretation. Although both clustering 
and recall increase over lists, the higher degree 
of clustering in the second and third lists is not 
accompanied by a corresponding improvement 
in intralist recall—i.e., trial-to-trial incre- 
ments in recall are unaffected by degree of 
clustering. This pattern of results suggests 
two alternative interpretations. The most ob- 
vious possibility is that clustering and recall 
Performance are unrelated. However, it is 
equally possible that within limits, improved 
clustering results in improved recall but that 
the effective improvement in clustering is com- 
plete after the first trial. Under this view, the 
relatively poor recall performance on all trials 
of List 1 may be attributed entirely to the poor 
clustering performance on Trial 1 of that list. 
While these two alternatives can not be dis- 
tinguished on the basis of the data from the 
present experiments, perhaps the most serious 
consideration should be given 10 the latter 
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alternative since other evidence (e.g., Mandler, 


1967) suggests that organization aids recall. 
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RESPONSE MECHANISMS IN DETECTION E 


In Contemporary theory, 


mechanism 


the stimulus is 
Sensory representati 


mines his 


WILLARD LARKIN? 
University of Maryland 


ecti ss of tones presented in noise and made 
decisi sence of Signals. Loudness ratings and Here 
tion decisions were studied first in Separate experiments and then in — 
ments which required both responses to be made on cach. trial. The lou sa 
judgments were stable across sessions and Signal probability conditions, 
the two responses could be m 


ade on the same trials with no discernible inter- 
ference. The relation between the two re 
dictions from Psychophysical models, \ү hile the 
detection responses 


а two-stage 
al responses: 
first transformed into its 
on and then S deter- 
response in accord with the 


underlies perceptu 


а dual-response trial in which S 
decision-making aspects of his task. Ordi- 


narily, the 
studied jn 


Properties r 


reflect them 
noninteractive form o 
Suggests that an en 


Should be 


experiments designed 


sponse sta 


task, in order to permi 


way detec 


Sensory antecedents, 
the decision stage 


analysis. 


In the usual “Yes/No” d 


digm, S m 
a “Signal” 
Ss had to 


ments, they ra 
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: roa ting 
of an auditory stimulus, without ingot 
whether it represented a Signal ? decisio” 
signal. Later, the Signal/Nonsigna reating 
was appended to the rating task, C 


assume, first, an unbiased aper 
reporting sensory experience, and, A 
a decision-making attitude enaka kin 
tection judgment to be made. Басі ў 
ОЁ response was investigated wa г eh 
but the dual-response trials ap. 
Npirical decomposition Primary data for the evaluation of 


"m = d rod 
objective, then, was to P us 

| loudness judgments closely related | и 
t ап analysis of the of the stimuli, in 
: . tl ara 
invariant with respect to decision Piment 
Several models for ters of the detection task. These judg пвогУ 
аге used to focus the vide an index of the s€ on 

А background for each detection m 100 
etection para. 16 Next step was to introduce và the 
ach trial whether ; decision parameters ere 
8 > th 
ability—and to explore o? 


ual-response trials. Whether the 
Y be compared with p 
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ess ratings are stable pon ае 
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Jupes a S 
1 15 given ie varia 
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METHOD 


Four Ss, in acoustic isolation, listened to the 
same binaural stimuli. Each used a set of Permo- 
flux PDR-10 headphones and made responses on a 
Panel fitted with pushbuttons and indicator lamps. 
The Ss were tested in daily 2-hr. sessions divided 
into blocks of 60-85 trials, with a rest period midway 
In each session. 

Each trial began with a 1.3-sec. warning light, 
and a 1-kHz. Standard Tone of 250-msec. duration, 
Presented in a continuous background of 20-kHz. 
bandwidth Gaussian noise. The noise was about 
55 db. above threshold (1.598 X 107? V. rms at the 
headphones). The Standard Tone (1.610 X 1077 

- rms., for continuous input at the headphones) 
nearly always could be detected. 

The Standard Tone and the warning light were 
fumed off simultaneously, and 750 msec. later, 2 
l-kHz. Test Tone was presented for 100 msec., 
together with an indicator light. The Test Tone 
occurred at one of four randomly selected levels, 
denoted Т, Tx Ts, and Ts The highest, Ti was 
2 db. below the Standard Tone, and the others were 
Spaced 2 db. lower in succession. These four levels 
Spanned the range of imperfect detectability: in 
Yes/No tests with other Ss, correct responses were 
given on about 95% of T: trials, and about 55% 
of T, trials. (Chance performance is 50%.) | 

In conditions with Signal feedback information 
(provided by indicator lamps), the Signal, denoted 
E, was operationally equivalent to the presentation 
of either of the higher level stimuli, T; or T; and a 
Nonsignal, denoted Eo, was а presentation of either 
Е the lower level stimuli, Ts or Ts. The Ss had no 
eae ane of this correspondence with feedback 
sn nor of the limitation of stimuli to four in- 
eee levels. The use of four levels is а departure 
is n conventional Yes/No procedure, in which E 
trini single nonzero intensity and Eo is a "blank 
Ústa (See Green & Swets, 1966, for examples of ш 
dr procedure.) This change increases the range О 
апга loudness dimension, which permits а closer 

Dalysis of rating stability, and of S's decision 
pattern, 
т 100-msec. blank interval followed the Test 
in and S could then press à loudness rating pus 
ex ton or a Yes/No pushbutton, depending on the 
с шеп In the dual-response experiments, both 
p s were made in succession. The time alloted 
E. either response was 3 sec. The four uon 
ыры are denoted Ri, Rs Rs and Ra in t ie 
e loud" to “soft,” and the Yes/No alternatives 
ap ca Ay/Ao, respectively. кой 
by Hh Signal probability, P(E), was com Is 
ampling a punched tape of random digits. Оп 


E 1, e 

a trial, E; or Eo was selected first, and one of the 
Win Corresponding Test Tones was selected. next 
n. ; block of trials, 


equal probability- During any 5 
con Ting sets of three or more blocks, FE yos 
inde ant. Variations in P(E:i were intro ee ist 
Sida changes in Ss’ decision behavior апа іо o 
ist Dess rating stability under shifts in the stimu В 
Stribution. The procedure began with sessions 
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devoted only to loudness ratings, and with Р(Е) 
= .50. This s/andard rating condition was repeated 
as a “calibration condition" in the first three blocks 
of every session. In later sessions, P(E1) was set 
at .25, .40, or .70. Signal feedback information was 
added in some of these sessions, before Ss were 
required to make detection decisions. Finally, Ss 
made both loudness ratings and detection decisions 
on each trial, with Signal feedback information. 
Insiructions.—The physical nature of the stimuli 
was described for Ss in some detail, except that no 
information was given as to the actual levels of the 
Test Tone. Fluctuations in its loudness were ex- 
plained as a joint consequence of the effects of noise 
and of inherent random variations in the Test Tone 
itself. For the rating experiments, 5s were told: 


We are interested in how well people can sort 
out sounds of different loudnesses in situations 
like this, where the background partly determines 
whether the sound appears loud or soft. Your 
task is to make judgments of the loudness of the 
Test Tone on each trial. Ask yourself: how 
strongly did the tone come through the noise; 
and then give a rating with one of these four 
Because of the noise, the 
Standard Tone will not seem equally loud on all 
trials. Thus, try to develop your own idea of a 
typical Standard Tone, 
several times. Make judgments of the Test Tone 
in relation to this "ideal" Standard Tone. 


ere made in P (E), instructions 


Whenever changes W 
te consistency : 


were given to promo 
In the next condition, the average loudness of 

the Test Tone will be higher (lower) than in the 
last condition. The difference will not be great, 
but it will be noticeable. Undoubtedly, you will 
use the louder (softer) rating categories more 
often, but it is very important that your response 
be absolutely consistent with the previous condi- 
tion. In other words, your rating criteria should 


be the same. 


Whenever Signal feedback was given, the change in 


“average loudness” was described as resulting from 
a change in P (Ei), but only the direction of change, 
not the probability value, was announced. Signal 
events were defined by the feedback lamps, but 
were described as related to the intensity of the 


Test Tone: 
When the Signal occurs the Test Tone is 
slightly louder than it is when the Signal does not 


occur. Thus, the loudness of the Test Tone tells 
you about the presence or absence of a Signal. 
The difference in loudness between Signal and 


Nonsignal trials 1$ quite small. 
trials, Ss were asked to make 
the loudness rating before considering the Yes/No 
decision. The goal of the Yes/No с додав was to 
7 Я s as possible." 
"make as many correct decisions as possi» 
rocedure just described, the 


Theory —In the Р! l 
Joudness ratings simulate the sensory stage in the de- 


For dual-response 
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tection process. To test predictions about the de- 
cision stage, these ratings must exhibit the stability, 
| and the independence from deci on-making factors, 
that most theories postulate for S's sensory repre- 
sentation. Ordinarily, psychophysical judgments do 
- not have this stability (Garner, 1954; Parducci, 
1963), although they may be reliable if experimental 
conditions are constant (Bell & Nixon, 1971; Green, 
1964). In detection tasks, one source of disturbance 
may be that 5s commonly are instructed to base 
their ratings on subjective “confidence” (Clarke, 
1960; Schulman & Greenberg, 1970; Swets, Tanner, 
& Birdsall, 1961). If Ss interpret this instruction to 
mean that the Signal probability should be taken 
into account, their responses may not faithfully 
reflect internal sensory events. 
One might argue that just as in perceptual adapta- 
tion to suprathreshold stimulation (Helson, 1964), 
P(Ei may, through its effect on the stimulus 
distribution, induce real changes in the sensory 
effect of any one stimulus. Nonetheless, it seems 
important to determine whether judgmental in- 
stability can be avoided, first because of the pre- 
vailing notion in detection theory that presentation 
probabilities do not affect Ss’ sensations and, second, 
№ because bias-free ratings would permit a closer 
analysis of decision patterns in dual-response tri 
Although the response models examined in this 
Paper represent the decision stage differently, they 
share the assumption that S's Sensory stage does 
not depend on P(E). 


The traditional view of the way Ss generate 
detection decisions is that they use a covert criterion, 
Which may be a sensory threshold (Blackwell, 
1953; Boumann, 1955; von Bekesy, 1960) or a re 
sponse threshold determined by the probabilities, 
costs, and values of Tesponse outcomes (Green, 
1960; Tanner & Swets, 1954). The present experi- 
ments do not examine the Sensory threshold hy- 
pothesis, but they provide a test of the likelihood- 
ratio criterion of signal-detectability theory. If 5% 
heed the instruction to ma ximize correct A; deci- 
sions, their decision criteria should be Proportional 
to P (E))/P (Ex, with а proportionality constant, 
V, which reflects the imbalance, if any, in subjective 
costs and values, (See Green & Swets, 1966, for a 
complete presentation of the likelihood-ratio hy- 
pothesis. ) If S's decision Criterion is determined 
in different P(E) conditions, V can be estimated 
and checked for invariance. With loudness ratings 
as an index of the sensory effect on each trial, the 

determination of decision criteria is necessarily 

imprecise, Neverthe s, the pattern of estimates 
across P (E1) conditions may be sufficient to judge 
the likelihood-ratio prediction. 

Although the likelihood ratio 
suited than à sensory threshold as a basis for detec- 
tion decisions (Swets, 1961), these ideas share д 

. faith in the optimality of the response Process. Both 
i theories posit a criterion that is fixed by experimenta] 
| conditions. It is likely that whatever covert criterion 
| S may use, it may change from trial to trial. Data 


| on sequential aspects of 
Carterette, Friedman, 


may be better 


detection responses (e.g 


& Wyman, 1966; McGill, 


s : m is 
1957; Shipley, 1961) are not inconsistent with th 
possibility. 


А. simple model for changing criteri is outline 
in the Appendix. The basic assumption is eri 
shift their response criteria after (some) REST lv oH 
in a way that renders the same error less like Y 
future trials. A version of this adaptive em 
was proposed by Kac (1962) as an exten 
signal-detectability theory, in which E p 
effects have a Thurstonian representation e 
continuous scale. The model described in (s 
pendix substitutes a discrete scale of noty с б. 
(which may be interpreted as a partition о ы СОг 
tinuous scale). This change provides a natura Er. 
respondence with the loudness rating experim wi 
and makes the resulting random walk more 4 
cessible to analysis than Kac's original proposal 

The simplest version of the random walk ree 
that 5 sets a decision criterion between are 
steps on the scale of sensory magnitude: ! sai 
stimulus leads toa sensory effect above the criter Ie 
Аз is given; if the effect is below the селода 
is given. When responses аге in error, the One ie 
moves one step in a direction that makes ee 
correct response less probable, and these ade 
ments generate a distribution of criterion pos E on 
The parameters of the di ibution will depen 
the presentation probabilities for the various Ba | by 
and, thus, on P (Ei). The model can be ovalni a 
estimating the criterion distributions for ане 
P(E) conditions, and using these выше” aa 
predict the pattern of A 1/ До decisions. For the “the 
version of the model, as assumed in this paper, 5^ 
criterion distribution in any P(E)) condition Be ee 
determined from any other P(E1) condition; һе! 
the decision patterns in several conditions сай! ы 
predicted jointly, from a single independent poet 
of one criterion distribution. When loudne: s ratie 
are identified with steps on the sensory scaler y 
single rating experiment provides this estimate y 
the present analysis, the standard rating cond? all 
Supplies the criterion distribution used for ' 
predictions. 


se 
A fundamentally different view of the respon, 
process is to regard detection decisions m T 
herently probabilistic (or uncertain), rather thor s 
determined by a fixed or variable criterion. шай 
characterization is in the spirit of the Вгипз\ y 
model of perception (Hammond, 1966), MT 
attaches importance to the imperfect predic the 
validity of Sensory (or proximal) “cues” to jing 
Stimulus. If S makes detection. decisions accor гез, 
to the predictive validities of his sensory AE | 
his response pattern may share some of the stat? 
aspects of response: 


15! 
He may, for ex 
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E à tation tae” 

51n multiple-cue prediction са ase 
ren ‚ гез 

ample, maintain separate T€ 


а? 


nted, 


* Whether se sory effects are best represe 
continuous or discrete is an unsolved questio / 
position taken here is that in the absence © ге ol 
vincing evidence for cither view, the natur rm 
S's task may determine which is appropriate: | ting 
sion of this question in relation tO 
experiments, see Krantz (1969). 


| 
j 


ee 


һал айлын y i 


RESPONSE MECHANISMS IN 


1 ышан ium of sensory input, as 
of validity. If nes d for cues with dilferent levels 
cues to a pre lictio s of sensory input soni 5 ns 
each ievel ns e the response probabilities at 
Signal probabil tend}to match the corresponding 
a Ed ee di Lee's (1963) simulation of 
Me loncexperiment: Generally, one would 
Aitor of e er a sensory state 15 an imperfect 
зе uncertain T Signal, the detection response will 
Aem seda E o make the expectation precise, it 15 
abil Eni m Loma a specific model for prob- 
be o род ing, but the general hypothesis can 
response m hod by inspecting the pattern of 
Мад ja 2a bt 14 in the present experiments. | 
mente n рдо abilistic responding in detection 
Stochas | : ften are cast in the framework of 
son & Kin ae ak theory (Atkinson, 1963; Atkin- 
Luce, ib Wee | Bush, Luce, & Rose, 1964; 
their а Ше these models differ їп detail, 
"s ves onis postulate is the same: that some of 
the р al from a bias which is learned. in 
depends o Pd experiment. Because the learning 
from "A cedback events, the bias fluctuates 
similar р. e trial. The overall effect may be quite 
a detailed Hat of a shifting response criterion, and 
distinguisl sequential analysis may be required to 
that лаа learning mechanism from а criterion 
To SE ә random wa А ое" 
Useful to P the analysis of detection data, it is 
with some compare the random walk description 
models, b; specific learning assumptions. Two such 
Bush Non upon the linear operator scheme of 
Appendix Atesteller (1955), are outlined in the 
he learnin Баш place rather strong constraints on 
dictions ¢ Е, proces and both thereby make pre- 
Model, MES diferent from the „random walk 
which is е irst requires a single linear operator, 
Sensory > anpi independently for each of S'S 
independent Irc Denoting the sensory states Di, this 
respons c ransitions model allows changes in the 
On trials EL шша probability P(Ai:D3) only 
response ; x n S is in State Di. Thus, fluctuations in 
discrete чене оссиг independently for each 
Complete concn. level. The second model permits 
P (Ai: D M generalization, which means that 
States bi can fluctuate multaneously m all 
t (me шы og ss dia? rates for each. This Rem 
he НН independent operators, sie ык? 
Or the v; ntial importance of outcome ed ad 
Ments arious levels of sensor The experi- 
invari. provide a test of both parameter 
the Kod as well as their basic ates about 
The a sof feedbac Я "aur | 
5 juestion of sensory generalization is rarely 
because i jin learning models for P ychophy 
it is often assumed that S's response Un- 


фо sensory State- 
excepti 
«uce & i ptions are the models propos! 
А ; d 
r Rose, 1963, and by Schoeftler, 


Supp 
.DDose ej Е 

k either that Ss fail to genera 
ation from one state to another (th 


ben 
der Dun 
Mt transitions model) or t 
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tion is without regard for the natural ordering of 
posui сасе (the independent operator model). 
A reasonal le alternative isa mechanism that would 
permit directional sensory generalisation. To ive 
an example, assume that if state D. occurs on Trial 
n, then with respect to Ps (дэр, E 


is increased if Ёа and j < k. 

is unchanged if Ei, and > kor 
Eon and j < k. 

Lk 


Eon and j 


j 
Рь+л(Ал:Юь) j 


is decreased if : 
In His scheme, each Signal occurrence (Ei) in- 
creases the probability of Yes (4i) if the sensory 
state reflects a. higher magnitude than the state on 
1 n; and each Signal nonoccurrence decreases 
the probability of A, if the sensory state reflects 
a lower magnitude. A similar idea was advanced 
by Schoeffler (1965) for a continuous sensory scale. 
One consequence of such a mechanism, but not of 
the two learning models previously discussed, is 
that Prya(Ar:Ds) will be a nonincreasing function 
c index, j, of Trial т: as subjective loud- 
esponse becomes less likely 
on the succeeding trial. This is a property that the 
random walk model shares. Any attempt to dis- 
tinguish it from the generalization learning scheme 
will, therefore, require more detailed analysis of 


data. 


of the 
ness increases, the Ai ri 


RESULTS AND DISCUSSION 
Loudness rating stability —We first ex- 
amine rating stability over sessions. To do 
this, data have been grouped into three 
experimental stages: five initial sessions 
run before information about Signal events 

1,071 trials) ; 


was introduced (Stage A: 
four intermediate sessions (Stage B: 698 
trials); and five later sessions (Stage Сї 
976 trials). Data for Stages B and C came 
from initial blocks of each session: these 
were "rating calibration" blocks prior to 
dual-response trials. Ја all three stages, 
the stimulus distribution was uniform, 
with Pa) = .50, and so the data are 
replications of the standard rating condition. 

Tables 1 and 2 present measures of 
stability for each S. Unfortunately, no 
single statistic is appropriate for this 
purpose, and the data are too numerous. 
to describe in detail. The first statistic 
given in Table 1 is U(R), the uncertainty 
measure for the response distributions, 
which may be viewed as an index of re- 
хапсе, and, to some extent, of the 
configuration. Across the 
his index varies less than 2% 


sponse rariat 
distributional 
three stages, t 
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TABLE 1 factor contributing to inconsistency, ап 
INFORMATION ANALYsIS FOR because of this, the analyses | repor A 

.— LOUDNESS RATINGS later in this paper are based mainly up 

data from Stage C. 

s Ese Table 2 ы lists the mean zango e 
А в ё across three Signal probability cone (575 
P(E) = .50 (Stage C data); .25 um 
1 1.810 1.795 1.788 trials) ; and .70 (620 trials). Data for the n 
"e iig -084 latter conditions came from duele 
2 1.986 1.981 1.962 trials. When compared, the two colui 
-106 ли :094 Table 2 provide an assessment of тг on 
Е stability under changes in the distribu t 
© p. Es po of stimuli, and with a detection dec M 
“on i : required after each rating. Some incre? y 
4 1.997 1.902 1.936 in variability might be expected we 

1094 086 107 because the overall sample sizes are 50! 


or 
е nf 

3 a : : what smaller for these conditions than ! 
Note.—The Upper rows list the response uncertainty, U (R), 

for each 5; the lower rows li 


H € ins 
for eaci ited, UIR), where UR: the standard ratings. But no general 2 
is the information transmitted, crease is evident. Changes in POS 
а . Ch P. 
s " б ing pro 
ae generate differences in the rating | А 
lor the first three Ss, and about 5% for S4. abilities that are about the same size 48 
The information transmitted (in the sense differences among replications of the € 
of absolute Judgments) Was also computed ard ratings. For both sets of data: ш 
and is given in the second row of Table 1 expected largest difference among t ; 
asa (dimensionless) Proportion of response estimates of P(Ri:T;) is between “ 
uncertainty, On the average, Ss transmitted and 1067 
about .18 to :20 bits per response, and the If loudness ratings are to be used Ў 
standard deviation of this value, computed Sensory cues to the Signal, a fundamen 
э < € јс 
Over stages, amounted to about 10% of requirement is that is ‘posterior pfo 
the mean and to less than 1% of the total abilities of the Signal P(E,: Ry) гета. 
artaj $ al, 21:6), Se 
response uncertainty, 1 constant across P (E,) conditions. Of court 
More direct information about the this predictive ace, # is ensured tug 
Stability of PIRE: T3) estimates is given кте bal ШОГАШ D БО аге сой 
in Table 2, The range of these estimates d S nen d 2 Hs (Re: Lj) ch 15 give” 
was determined over the three data stages b a nal E ien Р (Ei: Ry), which 
ae ' the Bayesiz at 
for each of the 16 (5 3) pare: the mean У ayesian calculation, 


of these ranges is re P (Ri: Ey) P (Ey) 


Again, S, appears th i = ^ 0) ^ 

À gradual shift in the cur P (Ry: E)P(E,) + PU RUP UE 

response distribution w Ме аѕ опе will be determined only by the E 
probability, Moreover, some of the ive 


tye . гу! 
ability shown in Table 2 may not su ult 
€ 


as 


па 


ТАВІЕ 2 
Consistency OF LOUDNESS R 


< sm 
the Bayesian с lculati ause stil 
NCY | 1 ATINGS ACROSS Data сх 7 ee i ulation becau (Е) amg 
STAGES AND SIGNAL РиовАвплттьв Pairs are combined into Signal it} 
Nonsignal (Eo) events. Манаа of 
Standard ratings: P(E) = i i Е isten f 
5 Stages a igs sr 5. informative to check the consis yhe he 
i P (E1:R;) estimates and to examine V r di 
| a oe they are experimentally distinct ne ой 
1 i ean ate с: 129 
3 .048 .067 ferent PE) conditions. One ee i 
4 102 .088 predictive consistency is ilustre. а d 
mrt T fi h Which plots P(ER.) esti td 
mais Ch entry is the mean range of P(Ri:T;) estima, "n 2 
Da Dar from dps irem three independent sets of data, "ates from ratings in 


the highest (.70) 62? 


lowest (.25) P(Ei) conditions, using 


Ч 
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RSEN edil Ор These experi- 
| n after Ss had been in- 
азнав to the concept of a Signal, and 
P us feedback lamps operating, but 
fists ut the requirement for detection de- 
s ns. (Experiments. with P(Ei) = .40, 
un under these conditions, are not shown.) 
The solid lines in Fig. 1 represent the values 
ен from Stage C ratings via the 
ES vum formula. The discrepancies show 
ds E or systematic pattern and are 
Gun e same range as discrepancies among 
7 ar estimates (not shown) for Stages 
and B. 
ire further test. of predictive stability is 
Ulat mparison, in Fig. 2, of the same cal- 
Come p from Stage С data with ratings 
me usl-réspopse trials. Data are given 
P(E iree P(E;) conditions (450 trials with 
(21) = .40; other sample sizes are as 
E for Table 2). This comparison bears 
the question of response interaction. 
f, contrary to instructions, S first covertly 
decided his detection response and then 
it a rating to be consistent with it, 
gp Peur probability functions might 
BL pone systematic distortion. Although 
»havior cannot be prevented in 
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Ra R3 Re 
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G. 1. Comparison of predicted д 
litions- (Pre- 


Values 
dies of P(E;:R,) for two P(E1) conc 
values are shown by solid lines; observe 
P(E) = -70: 


Values 
uel by dashed lines. Upper plots: 
plots: P(E,) = .25. All predictions 


age C ratings, with P(Ei) = .50.) 


are from 
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Ra R3 Rz Ri R4 R3 
RATED LOUDNESS 


Fic. 2. Comparison of predicted values of 
Р(Е\:Кь) with ratings from dual-response trials. 
(Dashed lines indicate data; solid lines are pres 
dictions from Stage C ratings. Unlabeled numbers 
indicate the three Signal probability conditions.) 


these experiments, the consistency in Fig. 2, 
together with the data already discussed, 
suggests that this did not happen. 

The foregoing results demonstate that 
within the usual limits of a detection situa- 
tion, Ss are able to make loudness judg- 
ments with a degree of consistency not 
often found in detection responses Or 
ratings. With explicit instructions to main- 
tain constant subjective criteria, and given 
sufficient practice, these judgments can be 
relatively stable indicators of stimulus 
energy, without yielding noticeably to 
changes in the distribution of energies 
presented. Whether detection Ss normally 
do this covertly is a 


question these experi- 
ments do not answer, 


but the data suggest 
that contemporary theory may not be 
wrong to characterize response bias as 
something appended to the representation 
of sensory effects r: 


ather than as something 
which alters the repres 


entation. 
Evaluation of decision models.— The sepa- 
ration among P 


osterior probability func- 
tions (see Fig. 2 
for the extreme conditions, to require 
major bias shifts in the detection decisions. 
The extent of this effect on psychometric 
functions can be inspected in Fig. 3. The 


2) seems sufficient, at least | 


{ 
ў 
| 


_ the dual-response 
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solid line plots the probability of a “Yes” 
(4:) response against the four stimulus 
levels, 77. These data from dual-response 
trials show the expected shift as the Signal 
probability changes from .25 to .70. Also 
shown are data from single-response de- 
tection trials (dashed lines) run before the 
dual-response experiments to check the 
consistency of detection decisions. While 
the functions match in most cases, there 
is a slope discrepancy at stimulus 73, as 
indicated by the 95% confidence bands. 
The reason for the discrepancy is unknown. 
Because there are fewer observations where 
the discrepancy is greatest (60 T; trials 
in the single-response .70 condition, vs. 
190 trials in the .25 condition), the slope 
differences may reflect differences in the 
amount of decision-making practice. 

We next examine the relation between 
Yes/No decisions and loudness categories, 
and the way in which this relation depends 
on the asymmetry in the stimulus pre- 
sentation schedule. These data are plotted 
in- Fig. 4 for three P(E;) values: .25 
(575 trials); .40 (448 trials); and .70 
(620 trials). Although the results are less 
uniform across Ss than previous data in- 
volving only one response, certain patterns 


TONE INTENSITY 


Fic. 3. Psychometric 


functions from single- and 
dual-response experim: 


ents. (Solid line: data from 
u condition. Dashed lin : data from 
the single-response condition. Unlabeled numbers 
indicate the Signal probability.) 
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emerge. First, there is no fixed dependence 
of the detection decision on rated loudness: 
whether 4; or Ag is chosen depends strongly 
on P(E;). Second, fewer than half of Кү 
estimates of P(A: R,) are substantially 
different from zero or one. Thus, while thg 
response pattern shifts with P(Ej), it E 
always anchored at an extreme probability 
with appreciable response uncertainty E 
only one or two points. Most of the inter- 
variability is concentrated at these points. 
To the extent that loudness ratings 
simulate sensory states, these results supa 
port the notion that probabilitistic T 
sponding may be confined to a oce 
sensory region, a region somewhat smaller 
than the range of imperfect detectability 
used in these experiments. While b 
finding agrees with many discrete-st a 
models, it is contrary to some, in that E 
single region (loudne category) abon 
all the response uncertainty across P 
conditions: Ss adjust to changes in / € 
by shifting their decision uncertainty fro! 
one region to another. octane 
The dependence of detection ei a 
оп P(E)) is predictable from several poin 
of view discussed earlier їп this pape, 
According to one view, P(A,: R,) shou Lo 
closely match P(Ei В). According kr 
another—the signal-detectability hypothe 
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po (А\: R4) should change sharply at a 
criterion" value of P (Ba: а). The ob- 
ча relation. between these two condi: 
ional probabilities, plotted as triangular 
Em Fig. 5, 6, and 7, confirms neither 
Сыр nici ke Phe plots are reminis- 
n m г ata from binary prediction studies, 
> hich Ss generally do not match event 
‚ш but produce response func- 
L s somewhat steeper than the diagonal 
b > Suppes, 1965; pp- 390-395)" With 
likeli ie ence for sharp response cirteria, the 
a ee hypothesis of signal-detect- 
и theory could be checked. only 
Pp oximately, by estimating а criterion 
зан for each P(Ei) value. То do this, 
ере curves were drawn through each 
Eu the crossover points (correspond- 
CBS (Li Ri) = .50) were determined 
et phically, For по S were these points 
EUM as V.P ()/P (Eo); without 
oo threefold variation in V, cor- 
bm i with P(Ej). In general, Ss under- 
and ame for shifts in Signal probability 
E. lus appeared conservative with re- 
ect to the optimal criteria. 
Жо remaining points of view are the 
Plein € learning hypothesis and the 
sis. We criterion (random walk) hypothe- 
models vg examine two specific learning 
Bien or parameter invariance. For the 
eps qe transitions model, asymptotic 
$ sad P (Aj: Rx) depend ona parameter, 
fa which, for any fixed P (Ex), should be 
6 Sut across rating categories. | The in- 
еш operator model has four a 
юц ters, фу, фз, фз, and фз which correspon 
be ле four rating categories; these should 
iua INE across P (£1) conditions. Esti- 
E equations for both models are 
th; nin the Appendix, where it 18 shown 
at if ф is invariant, the relation between 


T 

The . = dita dune 

оць shape and position of these plots also co Š 

Eoin: 4 qualitatively, to choice functions derived 
" experiments 


we jomperal forced-choice detection 
expe ia el, unpublished data). lr 
blank nts, the functions were gene 
Уагуй trials interleaved among Signa’ bct 
"he ng the probability that A, would be cori ce 
data Correspondence between these plots and EM 
е Hes Fig. 5, 6, and 7 may be evidence that P 
Yeh me choice mechanism 15 involved in €! 
Yophysical tasks. 


f these 


generatec 
1 trials, bY 
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P (A; Ry) and P (Ei: К) is convex and does 
not cross the main diagonal. The plots 
in Fig. 5, 6, and 7 clearly do not support 
this prediction. Indeed, estimates of ¢ 
for adjacent categories sometimes differed 
by a factor of 10. There would seem to be 
little hope of accounting for these data with 
a simple, one-parameter learning process. 

Parameter estimates for the independent 
operator model are listed in Table 3. These 
provide few tests of invariance because 
many of the response frequencies were too 
extreme to give reliable values. The 
estimates listed give a mixed answer to the 
invariance question. To get a clearer 
evaluation of this model, the extreme values 
of P(Ai:Rx) were set arbitrarily to .99 
and .01 in the condition with P (E1) = .40, 
and the four parameter estimates from this 
condition were used to generate theoretical 
response probabilities in the conditions 
with P (Ex) = .25 and .70. These predicted 
values are shown as crosses in Fig. 5 and 7. 
The vertical positions of the crosses, relative 
to the triangular data values, indicate an 
acceptable fit in most Cases. (The horizontal 
are not predictable from the 
model and so were set to cor- 
respond to the open circles, which represent 
Stage С ratings.) Better estimates might 
well improve the agreement with data, 
but we show next that the random walk 


positions 
learning 


TABLE 3 


PARAMETER ESTIM FOR THE INDE 
OrERATOR MODEL 


P(E) | 25 до ло 25 40 ло 
k 51 S2 
= т а ж || Ж 
Я 16 oe * 1.86 E 111 
А 410| 14 5. à 
і Ls 6600| 2.16] * 66.00 | 9.22 
гае sı 
í EE 5. 
1 Qi | | * 
2 {|.| * 
3 * | 66.00 | 4.67 
" * | 66.00 | 14.33 
GEM MEE й 


Tm i ates omitted for response pro- 
.90. The extreme values 
40 were set arbitrarily for 


listed in th 
response 
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Р(А | Rk) 


P(E, | Rx) 


Fic. 5. Comparison of decision data with pre- 
dictions from random walk and linear stochastic 
models for P(Ei = .25 condition, (Triangular 
points are data from dual-response experiments. 

* Solid dots and pen circles are predictions from the 
random walk model, based upon Stage A and Stage C 
ratings, respectively. Crosses represent Equation 
A10. Diagonal line represents the probability- 
matching hypothesis.) 


formulation provides equivalent accuracy, 
with greater predictive economy. 

If the detection decision depends on a 
criterion that undergoes a random walk, 
the pattern of P (A;: R4) data can be pre- 
dicted entirely from loudness ratings, 
Identifying the loudness categories with 
hypothetical Sensory states, the five cri- 
terion positions are the boundaries between 
adjacent categories, including the extreme 
upper and lower Positions. The distribution 


of these positions was estimated Separately 
from loudness judg P 


ments at Stage A and 
at Stage C, and the Corresponding values 
of P(A,:R,) were de 


rived for each P(E,) 
condition, according to equations given 


in the Appendix, The results are plotted 
in Fig. 5, 6, and 7 as solid dots (Stage A) 
and open circles (Stage C). The variation 
among these two sets of predictions can һе 
judged in both dimensions of the plots, but 
the horizontal differences simply reflect the 
rating instability Previously analyzed. In 
the vertical dimension, the variation 


is 
quite small, and both sets of predictior 


15 
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fit the data (triangles) as well as the M. 
ing model (crosses). However, the ien. 
walk predictions required no pev the 
estimates from decision data, while 
learning model required four. m—— aa 
Sequential analyses.— The ability n. 
count for average data does not a id 
lead to a clear choice between hh 
formulations, as was just gem... 
for two fundamentally different Es 
tions of the decision mechanism. To ning 
sharper distinctions between the pe. 
theory and the variable criterion avidi 
Some aspects of their sequential bel € 3 
were compared with data. One Ln bo 
any learning model with the kind 9 e. 
pendence assumptions used in the -— ia 
discussed is its inability to account for ¢ е Ой 
tional sensory generalization. Evidence 
this generalization effect in the present ates 
can be seen in Table 4, which lists estim‘ 


PIE,|Rx) 


ah PS 
Fic. 6. Comparison of decision data with ast 
dictions from random walk цап, 
models for P(E) = mening 
Points are data from dual-response expe ай "i 
Solid dots and open circles are predictions аба 
random walk model, based upon SHEE a re^ 
Stage C ratings, respectively, Diagonal lin Tho 
Sents the proba 8n 
data were 
A10.) 


and linear. 
-40 condition. 


bility-matching пуро еў | 
used to estimate parameters for 
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from all four Ss have been combined. While 
it is risky to combine data when Ss’ choice 
probabilities differ, as they do here, in- 
spection of the individual response patterns 
poss that the overall results are not arti- 
actual. The monotonicity of Рь\(А‹:Кь) 
with j is consistent with the directional 
generalization hypothesis. The strength of 
this effect seems considerable: in some 
rows of the table, there is а two-fold in- 
crease in the probability of 4i. Although 
pe relation may well stem from a bias 
learning process, it is apparent that the 
independence conditions governing the 
two learning models are wrong for these 
data. A generalization scheme, such as the 
one described by Schoeffler (1965), seems 
necessary. 

In its basic form, the random walk model 
can account for directional generalization, 
but it has other dynamic features that are 
quite vulnerable to sequential data. One 
of these is the assumption that response 
errors invariably lead to criterion shifts. 
A mechanism that resets the criterion less 


i% 


Р(Е |Як) 


nas T Comparison of decision data S 
models. from random walk and linear Stef i las 
Boris for P(E) = .70 condition. (Triang" m 
Solid а are data from dual-response experimen 
rand ots and open circles are predictions from 

Stage 4 walk model, based upon Stage 
я ‚С ratings. respectively. Crosses гер 
ERI ME A10. Diagonal line represents the 

y-matching h ypothesis.) 
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TABLE 4 


ESTIMATES OF Рь„ы(А1:К) CONDITIONAL ох К; 
FOR TRIAL 1 


Bey k fet | em] з Е 

35 1 76 76 83 89 
2 16 25 28 40 
1 96 95 9 

40 2 40 52 30 1 
3 00 00 05 10 
3 52 64 2 

.70 et 12 
4 28 31 34 45 


data for four Ss. М 
es too extreme to sh 
entires. The standard error of 


оп 
han .05 for nearly all entries. 


nore plausible, but this 
refinement need not disturb the model's 
average properties, for, as shown in the 
Appendix, only the ratio of the shift 
probabilities affects the criterion distribu- 
tion. Predictions about P(Ai: Rx) are, 
therefore, insulated from assumptions about 
the overall frequency of criterion changes. 

To determine how well the basic model 
describes criterion shifts, pairs of successive 
trials with identical loudness ratings were 
isolated from the response protocols, and 
the A; decision on Trial n + 1 was eX 
amined for each combination of response 
and outcome on Trial n. If the criterion is 
stationary except after an error, these 
data should exhibit values of Pani 
that are zero or one following correct re- 
sponses on Trial n. T: able 5 shows the 
results. Again, it was necessary to combine 
Ss’ data, but the group pattern is repre- 
sentative and shows à systematic devia- 
tion from the simple criterion assumption : 
depending on the Signal probability, the 
‘A; response changes on 5% to 30% of the 
trials that follow correct decisions. While 
there are several possible reasons for this 
mismatch with theory, two seem likely : 
there may be residual 4; indeterminacy 
after the criterion is set (equivalently, the 
criterion may have a random component as 
in Thurstonian models); or S may use à 
finer scale of sensory magnitudes than the 
four-category SC 


often would seem 1 


le on which the analysis 
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TABLE 5 


ESTIMATES OF P,,1(41) CONDITIONAL ON THE RE- 
SPONSE-OUTCOME EVENTS OF TRIAL 71, FOR Parks 
OF SUCCESSIVE TRIALS WITH IDENTICAL 
LoupwEss RATINGS 


P(E) 
Trial n events 
425 40 -70 
А.Е, 672 839 921 
AE 600 696 889 
ED 109 181 339 
Ack, 045 111 289 


Note.—Composite data {ог four Ss. 
from table entries, 


Decimals are omitted 


is based. Both possibili 
to refine the model, 
pursued here. 


A second important feature of Т 
is the extent to which 
change after errors, Whi 
are uniformly more frequ 
after correct decisions, 
perseveration tend 
the basic model. 
dividual data ind 
criterion 
50% 


ties suggest Ways 
but they will not be 


able 5 
responses fail to 
le these changes 
ent than changes 
the data reveal a 
ancy not anticipated in 
Calculations on the in- 
icate that the response 
may shift after only 30% to 
of the errors. (This is a range of 


TABLE 6 
ESTIMATES or Pryi(Ai) Со; 


DITIONAL ON THE 
RESPONSE-OUTCOME Е OF TRIAL т 
"t P) 
S | evens 
25 40 70 
АЕ 194 284 7T 
1 VN 136 379 Als 
AoE: 141 216 815 
Eon 213 546 602 
ALE 204 345 754 
2 | A | їз 434 779 
E Enn 155 426 769 
EN 220 487 786 
AE, 203 369 721 
3 ALE 200 324 747 
3 AoE, 216 265 738 
АЁ 222 382 701 
Aik, 182 370 721 
4 Aik, 250 485 688 
AoE, 200 268 723 
АЕ, 242 591 691 


re omitted from table entries, The s 


ard error of estimate is less than 00 for nearly all entries, 


tand- 
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values for the parameters « and £, defined 
in the Appendix, for the case a E | 
When the random walk is provided W a 
this much inertia, its behavior at the a 
of the A; decisions may contradict к. 
error-correction principle: the model M 
generate a higher probability for repea d 
an incorrect response than for repeat pi 
correct one. The extent of this “coun 5 
reinforcement” tendency in the individu 
data can be assessed in Table 6, M. 
lists estimates of Papi (Ai) qom A 
the (E;, A;) events of Trial n. While "d 
are large individual differences, pen 
shows the tendency to some extent, an jon 
show it more strongly in the con оң 
with P(E) = 40. This finding see) 
totally inconsistent with any convent a 
learning hypothesis, but is apparent d: йо 
natural consequence of a criterion we 
anism that adjusts slowly to error feed D 
In conclusion, we find that the eir 
decomposition of a detection response 1" 
sensory 


and decision stages is possible. 
à degree that permits analysis of the \ а“ 
decisions are biased by experimental F 

rameters. Overall, this finding supports © 
major theoretical 
most current 
by Green 


position common 
models (as reviewed, ce 
& Swets, 1967; or by Lt cf 
1963a), but the detailed analyses M. 
little support for traditional formulat? б 
of the decision" process. The likeli 
ratio hypothesis, the probability-mat¢ "nd 
lypothesis, single-state bias models; v 2 
multiple-state bias models lacking d to 
tional Sensory generalization each t 
capture some important aspect of the that 
There is some further suggestion х bE 
traditional learning mechanisms таў, 
inadequate, at least if "reinforcement ke 
to be indentif, ai 
The data are n 
wh 


вњ ue 


ed with response feed 
more efficiently, but ® pfe 
at imperfectly, described by a var or? 
criterion theory, formalized as a га! s Д 
walk. While the random walk e 
flexibility not always desirable in a pw 
cal model, the simple dt P 
it reflects may 


e 


response me Ў 
ar scr 
well repay further 8 
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Markov rule. 
one of the simplest of this 
time scale is provided by the 
Series, 1,2, < . . ; m, whichii 
finitely long. A “state” 
is a criterion position va 
Sensory states D; and Б. 


only a small subset of the 

states if the range of stimulati 
is in detection and discriminat 
If the range of stimulation is 
absolute judgment experimen 
may be partitions or adjacen 
Sory effects that S treats as 


either case, 
termined by the momenta; 
criterion: if D; 
terion is Су, then the г 
exceeds k, and Ao if not. 
described in this paper, se 
tified with loudnes 

A natural, though restric 
that a criteri 
makes an err 
tion feedba 


later, 

A second sim 
shifts to single 
k—1. Let Ел 
ability that if th 


е criterion 
Trial 


n, it remains there 


Similarly, let Dr,» and qx, be th 


the detection decision, 4 


or they 
А Sk: the s| 
quent earlier in the expe 


plification restricts 
Steps, from k to р 
denote the conditional 
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APPENDIX 


A MODEL For CRITERION VARIATION 

If detection decisions are d 
variable criterion on an ordere 
effects, the criterion changes 


etermined by a 
d set of sensory 
may follow a 


The process described here is 


kind. A discrete 
experimental trial 
s taken to be inde- 


of the Markov process 
boundary, Cp, between 


The S may use 
possible sensory 
on is small, as it 
ion experiments. 
large, as in some 
ts, the states Dj 
t subsets of sen- 
equivalent. In 
i is de- 
ry position of the 


j occurs on Trial л, and the cri- 
esponse will be A; if 7 
For the experiments 


ways 
is al- 
This simplifica- 


may reflect 
hifts may be 
riment than 


the criterion 
1 or to 
prob- 


Ё оп 
on Trial 5 +1, 


is at Position 


[ © probabilities 
that it moves to k+1landk— | 


“stability” param 
probability, P(E), and 


' Ф.п, and ry, sum to 


eters, а and £, 


, respectively, 
unity. These 
ee factors: the 
the Signal 


the distribution of 
sensory states, P(Dy: E; i 


] 
four sensory states are assur 


for i= 001. 1 
med, the transition 


relations are: 


Ро = aP (Eo) Е 
b; = aP): Y, PE), 0 <) <4 
к>] 


; 1 
g= BP): 2, P(D Ex), oj «t LA J 
4 = BP(E), 


with boundary conditions p4 = 0 and go 
(Trial subscripts are omitted.) ;riodic 
These equations describe an арени 
Markov chain with irreducible, ДОНГАК УЙ 
states. Provided the sensory diss buts 
stationary, a unique limiting distributio ts 
criterion probabilities, v = P(C;), an be 
(Feller, 1957, p. 356). The v density € ntas 
determined up to a multiplicative consta 
a solution of the difference equation 
Parzen, 1962, p. 249): 


0. 


з. ГАЙ 


W= taP;acug;ugagga, jede di- 

= " Р z con 
With two reflecting barriers as шаба «id 
tions, the difference equation leads to 2 
sion relation: 


TEE POPA: j [44 


zqua* 
where шу is the undetermined constant. oe 
tion A3 is true for any random walk ола pr? 
State space with reflecting barriers, ands от 
vided uj converges absolutely, also for rana 
walks on an infinite state space, Substit py 


the definitions from Equation A1, solving 
и, and setting 


4j 
== 7. $—0,...,4 [^ 

Уп; (sion 
We get the distribution of criterion pos, e 
For computational purposes, the jecur the 
lations in uj may be used directly. Foose 
present model, with ио arbitrarily € | 
they are: 
1 
b/P(Dy: Ey) 
а= tbl <= P(Di: улу s 

[P(D:: Ex) + PO: £s)J 
из = Usb[ P(Ds: Eo) + P(D4: Eo) ]/ ] 5) 4 
[1 — P(D4: E1) [^ 


| 


ио 
ur 


ПИ 


шщ = usb- P(D4: Eo) 
Where b = (9/8) - PCEQ)/ PC). g 


0 
дел ей with lg 
If the Sensory states are identifie ovid? 
ness rating categories, Equation А5 PT 
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way to estimate the criterion distribution from 
rating data. (Throughout this paper, the rat- 
ing categories, Ar, are numbered in reverse order 
with respect to the hypothetical sensory states, 
D,. Thus, Ri should be identified with D4; 
Re with Ds, etc.) If the ratioa/B is constant, as 
was assumed for the analyses in this paper, one 
set of rating data is sufficient to determine the 
criterion distribution for every Signal probabil- 
ity condition. 

The decision probabilities, P(A1: Dy), are 
easily derived from the response rule. Ex 
pressed in the notation for loudness ratings, 
they are: 


m 
P(Ay: Ry) = = 1j. [A6] 
j=0 


Equation A6 was used to generate the predic- 
tions in Fig. 5, 6, and 7, using Stage C rating 
data to estimate the v/'s- 

A more general version 0 
been explored by Friedman (1969), who showed 
that, in the Yes/No detection task, it 1s able 
to account for several of the deficiencies of 
fixed-criterion theories. Other suggestions for 
criterion variation have been made by Shipley 
(1961), Schoefiler (1965), Wickelgren (1968), 
and Nachmias and Kocher (1970). . 

Two learning models.— The asymptotic be- 
havior of two learning models was used to 
analyze the dual-response data. The assump- 
tions behind these models are well-known 
(Bush & Mosteller, 1955) and so will not be re- 
peated here. The independent transitions 
model allows changes in P(A1: Dy) only when 
S is in sensory state Dr. Accordingly, the 
transition rule is: 

P(A: De) (1-9) +9, 
if Dy a and Ern 

Poa(41: De) = P, (Ar: Di) (1—87), _ 
if Dia and Eo.n 
Р„(Ах: Di) otherwise. 


{ this model has 


[A7] 


Here, @ and 6’ are (positive) learning rate 
Parameters, and the subscript, 7, 18 the trial 
number. Essentially the sameflearning pro- 
cess was used by Kinchla, Townsend, Yellott, 
and Atkinson (1966) to describe the effects of 
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cueing stimuli on detection performance. 
The most questionable aspect of the present 
application may be that a single parameter 
controls the learning asymptote in every sen- 
sory state. This can be shown by taking ex- 
pectations on both sides of Equation A7, and 
letting 2» approach infinity. For each k, the 
asymptotic expected value of Р(А\:Рь) is 


"S 
jo PUES [A8] 


1+ 95:2) 


where $ = 0-P(Ej)/0P(E). Solving for ф, 
and making the appropriate substitutions, we 
find that 

Р(Е\: Ri) Plo: Re) 

P(Eo: Ry) P(Ax: Rx) 


is predicted to be invariant across rating cate- 
gories, for any fixed Signal probability. For 
this to be satisfied, the relation between P(A1: 
Ry) and P(i: Ry) must be a convex curve that 
does not cross the diagonal. Equation A8 was 
used to estimate ф from dual-response data. 

The independent operator model permits 
simultaneous learning in all sensory states, but 
at different rates. The transition equations 


are: 
Р,41041: Dr) 


_ fPrlA ; 
= \р,(41:0р0:(01 — 0) + O'i 


D) (1 — б) + 0, if Enn [A9] 


if Lon 


Here, б and @' are (positive) learning rate 
parameters for sensory state k. Again taking 


expectations, and allowing ? to approach in- 


for each fixed k, we find the asymptotic 


finity 
expected value of P(A1:Dz) to be: 
1 
: = ; A10 
P.(A1:Ds) = — — P(Eo) [A10] 
* PE) 


where фь = 06/06. Because $x is independent 
of P(Ey) its invariance across Signal prob- 
ability conditions provides a test of the model. 
The entries in Table 3 were determined from 
dual-response data, via Equation A10. 
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A reaction time 
retrieval time, of temporal org: 
shown five, six, or seven to-be- 
to which they were to g 
the series. Brief temporal 
seven-digit strings produc 
results were 

fluenced by tl 


Recently, a number of investigators have 
focused attention on the influence, on re- 
tention, of the organization of information 
in memory. In the area of short-term 
memory (STM), Neisser (1967) has specu- 
lated that one form of organization is that 
of temporal grouping. He has suggested 
that Ss actively group and partition a 
homogeneous string of elements and that 

15 activity enhances the opportunity for 
rehearsal until a response is required. The 
pattern of grouped items allows the in- 
dividual to assign locations to particular 
items in the list. 

Bower and Winzenz 
evidence that the tempo 
of an auditorially 
digits has a 


(1969) provide 
ral organization 
presented string of 12 
marked effect of rete 
One of their findings indicated that 
sitional error probabilities (the probal 
that item n + 1 is incorrec 
^ was correct) were much higher across 
temporal groupings than within а grouping, 
It appeared that Ss had formed units in 
memory which serve to segment the string 
into manageable subsets, 

Recently, Wilkes and Kennedy 
demonstrated that the time to loc 
item in a temporally 
influenced by the pat 


ntion. 
tran- 
іу 
t given that item 


(1970) 
ate an 
Segmented string is 
tern of grouped ele- 
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(RT) experiment was conducted to examine the influence, on 
anization of subspan sets of digits. The Ss were 
remembered digits followed by a probe stimulus 
ive the name of the item that had followed the probe in 
pauses interpolated near the middle of the six- and 
ed marked changes in the serial рс | 
discussed in terms of a directed memory search which was in- 
he organization of information in memory. 


tion curves. The 


‘gle 
ments. In their study, Ss heard a sink 
patterned series of nine letters and ame 
rehearsed the string aloud using the "e 
groupings. When a criterion of wow 
rect reproductions was reached, Ss were 
shown 18 probe stimuli to which "e che 
to report the item that had followe nges 
probe in the list. Reactions were lor last 
when the probe was identical to the 
item of a subset. | cted 

The present investigation was cond p. 
in order to examine the influence of te 
poral patterning on a visually рй ЕГ М 
subspan string of digits. The study by 
ployed the probe-recall technique use d 
Sternberg (1967), in which a trial cons! зе 
of a serial presentation of a set of tor of 
remembered items followed by a test 
probe item. When a probe is show « 
is required to give the name of the ie 
that followed the probe in the memori һе 
Set. Reaction time (RT) serves аз perf 
principal dependent measure. Stern E 
observed behavior in this situation ani 
concluded that Ss used a serial sel-to^ ig’ 
nating search Strategy. This theory aces” 
gests that the probe is compared suc [he 
sively to memory representations ©, se- 
items until a match is made. ‘Then ~ ob! 
trieves the item that followed the Pele: 
and reports its name as rapidly as po5? wê 
The majority of his Ss tended to sh? the 
linear increase in RT as a function © pe 
Serial position of the probe within 5 
Positive set; The remainder of meow 
Produced a flat curve. The former | ine 
Was attributed to a serial self-termin^ е 
Search which had аз its starting ро!" 
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first item of the set, while the latter result 
was suggestive of a search. which had a 
random starting point. In the present 
investigation, special interest focused on 
the influence of temporal patterning on the 
serial position curve. If Ss use the group- 
ing pattern, their search strategy may be 
altered and this should be reflected in the 
serial position curves. 


METHOD 


Subjects —The Ss were 32 male undergraduates 
enrolled in introductory psychology- A first group 
(Group 1) of 16 Ss served in all experimental condi- 
tions and a control condition (within-S control). 
Group 2, composed of 16 Ss, served only as a be- 
tween-S control and never experienced the experi- 
mental conditions. 

Apparatus.— The Ss were tested individually in a 
sound-deadened isolation. chamber. Stimuli were 
digits, 1 in. in height, presented on the viewing face 
of a rear-projection display cell (Е.Е. Series 10) 
located approximately 3 ft. in front of S. A micro- 
phone monitored Ss’ vocal responses and also served 
to activate a voice-operated relay. The relay turned 
off the stimulus and advanced a program paper-tape 
reader. Reaction times were recorded by a paper- 
tape punch to the nearest 001 sec. A Hunter Kloc- 
kounter provided a visual display of the RT. 

Experimental conditions and procedure.—A mem- 
ory set always consisted of five, six, or seven differ- 
ent digits selected from the set of single digits 1-8. 
Digits were white on a black background and were 
presented serially at a rate of 2/sec. Each stimulus 
was on for 200 msec. and off for 300 msec. Two 
seconds after the last item, à probe or test item 
(also a digit) was shown. This digit was distin- 
guished as a test item by its presentation on a green 
ba kground. When the probe appeared, S was in- 
Structed to recall the item that had followed it in the 
immediately preceding list. For example, if the 
Series was “3 74218" and the probe was 4," the 
correct response would be "RO Tiree seconds 
after S's response, a new memory set was shown. 

Group 1 experienced sets which, on half of the 
trials, had a temporal pause of 800 msec. inter- 
Polated between two digits (typically the delay be- 
tween two successive items was 300 msec.). V hena 
Sct contained five digits, one-half of the trials con- 
Sisted of nonpartitioned (P) sets and the remaining 
ae were divided equally between partitioned | е 

tings utilizing a 2-3 grouping and a 3-2 groupe e 
doen six items were shown, one-half of the tria's 

nsisted of a 3-3 grouping and the remaining 
trials were P. With a set of seven items, one-half 
were P trials, with the remaining trials eq" 
e. among P groupings ©! 3-4 and 45 
Mas identical to items in each serial pos nc 

ring with equal frequency. In addition, the = 
ection of digits and their assignment to positions m 


rally di- 
. Probes 
jon in the 
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the series was determined randomly. A total of 
110 trials were constructed and divided equally 
among two lists. Each list was presented twice in 
two I-hr. test sessions on 2 consecutive days. 
The between-S control group (Group 2) was shown 
trials indentical to those presented to Group 1, 
but all trials were P; that is, this group never ex- 
perienced temporally organized strings. Group 2 
was included as a control in order to examine the in- 
fluence of experience with partitioned strings, since 
the control trials (P) in Group 1 were experienced 
within the context of partitioned (P) strings. 


RESULTS 


The principal analyses of the data were 
based on mean RTs for correct responses. 
Four Ss (two in each group) evidenced un- 
usually high error rates (all greater than 
30%), and their data were not included in 
the analyses that follow. All other Ss had 
error rates below 25% with an average of 
10.6% across Ss. 

Figure 1 presents data for Group 1. 
Reaction time is plotted as a function of 
the serial position of the probe for Set Sizes 
5, 6, and 7. Set size was a significant 
variable, F Grab = 30.69, p < .01. RT 
increased an average of 93 msec. per unit 
increase in set size. This finding is con- 
sistent with previous results (Sternberg, 
1967). The data for each set size were 
examined independently. The left panel 
of Fig. 1 depicts data for a set of five ele- 
ments. Three curves are shown, each cor- 
responding to one of the conditions of 
partitioning. The P (3-2) condition re- 
sults in the fastest reactions while P (2-3) 


produces the slowest reactions. The P 
P curves. 


curve falls between the two І 
Type of grouping was a reliable variable, 
F (2, 26) = 5.00, P < .05. Serial position 
of the probe was also significant, F (3, 39) 
= 447, p < 0% In addition, only. the 
quadratic component of the serial position 
variable was significant, E13) 18.88, 
р < .01. The Type of Grouping x Serial 
Position interaction Was not significant, 
F (6, 78) = 1.054 
ize 6 are shown 1n 
The two curves 
represent me the two conditions of 
patterning. Reactions for the P (3-3) con- 
dition were faster than reactions to P sets, 
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SET SIZE 6 


SERIAL POSITION OF PROBE STIMULUS 


Fic. 


ҮТ, 13) = 17.80, р < .01. Serial posi- 
tion of the probe was also a reliable vari- 
able, F (4, 52) = 7.98,-b < .01. The two 
conditions produce serial position curves 
which differ markedly in shape. This is 
evident statistically in a significant Group- 
ing Condition x Serial Position intera 
F (4, 52) = 2.62, р < .05. 
analysis of the two curves indi 
serial position varied consistent 
two conditions, b < .01, for 1 
ever, the trends are markedly different. 
For the P curve only the linea, 
of the variance attributable 
tion was significant, Р (5, 13) = 8.83 
P < .05. All the other higher order com. 
ponents were not significant, The P (3-3) 
curve does not have a reliable linear com- 


How- 


T Component 
to serial posi- 


ponent, P (f, 13) = 452, p> :05, but it 
does have reliable quadratic and Cubic 
components, р < :05, for both. The 
marked differer 


ice in shape of the two curves 
lends support to the 


stored two subsets 
when the set is Partitioned, 
in retrieving information fror 


memory 
Fu rthermore, 
m memory, it 


1. Mean RT in milliseconds as a function of the seri 
stimulus in the memory set for cach s 


al position of the probe 
et size. 


of the successive Serial positions 50. 
curve in the center panel of Fig. 1. otl 
tests lend additional support to the hye get? 
esis that the pauses create two ч??? 
їп memory. For example, in the am was 
condition, a significant increase in R h 
Observed between Serial Positions 2 m p 
F (1, 13) = 17.06, p < 01, while a 516 ci. 
Cant decrease was observed between 01 
tions 3 and 4, F (1, 13) = 8.66, p & 
he same analyses comparing the ec 2 
Points on the P curye yielded no relie 
differences, b> .05, for both. For ЕТ 
ize 6, the pause causes an increase m pat 
when the probe is identical to the item xed 
immediately precedes the pause. А тё rob? 
decrease in RT is observed when the Р! jp 
is the first item following the peus, re 
the former case the probe and onmi the 
Sponse are in different subsets, while ! 


gical 
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latter case the probe is the first member of 
the second subset. 
_ The data for Set Size 7 are shown in the 
right panel of Fig. 1. Serial position was а 
significant variable, F (5, 65) = 3.78, 
b < .01. Type of grouping was also signifi- 
cant, Р (2, 26) — 448, p < 05. The 
l'ype of Grouping X Serial Position inter- 
action was significant, F (10, 130) = 2.98, 
b < 01. This result appears to be pri- 
marily due to the noticeable differences in 
the serial position curves for the two P 
Sets. The longest latency for any item in 
the string occurs when the probe is identical 
to the item immediately preceding the 
pause. Reactions to probes identical to 
the item following the pause were approxi- 
mately 400 msec. faster. This is evident 
in the marked decrease in the P (3-4) curve 
from Serial Position 3 to 4 and in the 
P (4-3) curve from Position 4 to Б. 
Comparisons of the means for successive 
serial positions were conducted on the data 


for Set Size 7. In Set Р (3-4) а reliable 


decline was observed between Positions 3 
p < 01, while 


and 4, F (1, 13) = 12.30, 
for the P con- 


the comparable comparison 
ШО] was not stgnificant, F (yt) = 309 
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RT is observed between Serial Positions 4 
and 5 in the P (4-3) function, F (1, 13) 
= 12.37, p < .01, while the control con- 
dition does not evidence the same result, 
F (1,13) = « 1.00. 

Although the functions for the P con- 
ditions in Set Size 6 and 7 do not exemplify 
the marked changes in slope shown by ТӘ 
sets, there are still noticeable departures 
from linearity in the P control functions. 
For example, the P curve in the right panel 
of Fig. 1 shows an initial increase from 
Position 1 to З and then a small but notice- 
able drop across the last three positions. 
"This result, along with the small drop at 
Serial Position 4 for the P curve in the 
center panel of Fig. 1, may have been due 
to a change in S's mode of processing an 
unorganized set due to experience with a 
structured series. Winzenz and Bower 
(1970), for example, have shown that Ss 
trained on one standard grouping format 
recoded different grouped strings into the 
original training format. 

In order to examine the possibility that 
Ss grouped the P sets due to practice with 
organized sets data from the between-S 
control was compared with the data ob- 


b> 05. Similarly, a significant decline in 
SET SIZE 7 
SET SIZE 6 
T 51. 
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tained from the within-S control group 
shown in Fig. 1. This comparison is de- 
picted graphically in Fig. 2. The most 
striking feature of the data in Fig. 2 is the 
marked similarity in shape of the two func- 
tions in each panel of Fig. 2. It is clear 
from the data obtained from the between-S 
control group that the departures from 
linearity observed for the within-S control 
were not the result of experience with 
organized strings. The Ss in the between-S 
control group exhibit serial Position curves 
which are essentially identical to the com- 
parable functions observed for the within-S 
control. Analyses conducted on the func- 
tions in each panel of Fig. 2 indicated the 
following results for all set sizes: (a) serial 
position was a reliable variable, (b) no 
significant difference between groups, and 
(c) the absence of any reliable Serial Posi- 
tion X Groups interaction, 
case does a statistical 
Control groups even 
This occurs in Set 


In only one 
test between the two 
approach significance. 
Size 5 where reactions 
for the between-S control group are 162 
msec. faster than the mean for the within-S 
Control. The difference is not statistically 
significant due to the large within groups 
variance, F (1, 26) = 3.22, p > .05. 


Discussion 


The results of this investigation de 
that temporal grouping 
subspan set of 
strategies. 


monstrate 
ofa visually presented 
integers influenced retrieval 
This is especially true 


i for sets of 
six and seven items, With a small set (five 
items), no Consistent positional differences 
Were observed 


as a function of the particular 
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grouping used. With larger sets, the d 
tion of the pattern. becomes more appa edd 
This is reasonable since larger sets e 
greater burden on STM and rhythmic E 
terning should be most helpful with е E 

Grouping was not uniformally beneficia not 
all items within the memory set. RT Wer. 
generally faster at all locations in a P cond WE 
relative to P sets. The typical finding he. 
strated that grouping slowed retrieval Mr 
the probe item was the terminal member px 
subset. On the other hand, RTs to the ed. 
member of the second subset were enhan a 
This result is consistent with a € a. 
strategy which is directed and takes aguan ge* 
of the organization present in the ID 
quence. With P sets it may have been pos eiii 
for Ss to initiate a search with the first a A 
ber of a subset instead of with the first wires 
the total set. This directed search cand a 
plain the rapid reactions to initial elements i 
subset and the typical increase in RT to 
ments experienced later in the subset. 
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INPUT AND BLOCKING OF 
EE RECALL LEARNING 
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'To evaluate an independent versus 
the effects of ordering of categorize 
recall learning were 
blocked and unblocked orders 
either blocked, unblocked, or 
blocked input facilitated recall. 
blocked cues facilitated recall. 
facilitate recall, and unblocked cues 


terms of the interdepen 


ра series of studies, Slamecka (1968, 1969) has 
EON evidence supportive of an independent 
пейш, үчн for memory. His characteristic pro- 
Merc E been to present Ss with acquisition-list 
5 I. as retrieval cues in free recall learning and 
En] the recall of critical remaining words. 
Ven ска found that cueing did not facilitate recall 
that c hat of control 5s who received no cues. In 
Dress чеше failed to facilitate recall under numerous 
the ntation conditions, Slamecka has argued for 
gener, ality of the independent storage model. 
б. nd most damaging to à clustering or inter- 
er ene memory model is Slamecka's (1968) 
ated ie. that the recall of taxonomically re- 
Kan. materials was not facilitated by cueing. , hus, 
input aiiple opportunity for the organization of 
Ree ee seemingly did not occur. —— 
(1969). Н of subsequent experiments by Wood 
and otl udson and Austin (1970), Lewis (1971), 
additio, ers Неме challenged this conclusion. In 
input A to providing an opportunity for ог 
he Mer EE. related words, Wood ma: zc 
by bl ability of organization by structuring lists 
Reiter related items. He found that cueing 
о ач recall only when а blocked presentation 
ied i PAR used. Lewis verified the results of 
Son ; using, taxonomically related materials. | Hud- 
Senn Austin demonstrated that the facilitating 
еа of the cueing of taxonomically related ma- 
atio, was not dependent upon the blocked presen- 
ol Ja of related items. However, the procedure 
V. udson and Austin differed from that of both 
H udo, s in that prior to the expen 
iter and Austin told their 5s the exact num г 
A © one in the list and the names of the EA 
Structy It thus appears that when the Seas 
e Be materials is. made evident, either S 
эрес е se of related items during input er Y 
With шр om items are stored consonat 
The at structure and do interacts 
fects Present experiment was done to 
of the blocking of related items duri 


ssess the 
ing input 


n P. Luek, 


to Susal 
f Delaware, 


hould be sent 
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De Requests for reprints 
Wolf Hall, University o! 


"Dai 
етеп of Psycholo, 


assessed. An 80-w 
for three study-test trials. 


absent at recall. 
With blocked input, both blocked and un- 
With unblocked input, 
decreased recall. 


dence of stored items was suggested. 


a dependent storage model for memory, 
d input words and retrieval cues on free 
ord categorized list was presented in 


Half-list cues were 
The results indicated that 


blocked cues did not 
An interpretation in 


henomenon demonstrated by Wood 


to establish the p! 
]t was further reasoned 


(1969) and Lewis (1971). 
that with blocked presentation the blocking of 
recall cues would facilitate recall, since it might be 
at blocked cues would elicit a category 
;hich would be effective if items 
were stored in categories. Further, if, with un- 
blocked presentation, items were stored by category, 
the blocked cues should facilitate recall when items 
were not blocked during presentation. Therefore, 
the effects of blocked or unblocked cues, when input 
was either blocked or unblocked, were assessed. 
Method.—The Ss were 120 students enrolled in 
various sections of introductory psychology at the 
University of Delaware. Their participation par- 
tially fulfilled a course AM Ss were 
to verbal learning experime 
Four words were chosen from each of 20 randomly 
selected categories of the extended Connecticut 
category norms of Battig and Montague (1969). 
Each word was one of the eight most frequently 
listed for each category, and the mean frequency 
of emission of the 80 words by the combined Mary- 
land and Illinois samples was 270.14. 
All Ss were given three alternating study-test 
trials on the list. The presentation order of the 
words was either blocked (B) according to intact 
categories or unblocked (0), such that no two 
words from a category occurred consecutively. Both 
the order of the categories and the sequence of the 
words within categories remained constant from 
trial to trial in the B presentation order. The U 
presentation order was also constant across trials. 
The retrieval cues consisted of 40 list words, 
2 words from each of the 20 categories. These cue 
unblocked (U) 


expected th: 
search strategy W 


requirement. 
naïve nts. 


words were either in a random 
sequence which was in no way related to input 
order or blocked (B) into 2-word categories which 
reflected the sequence of the B input order. The 
B cues consisted of the third and fourth items from 
each input category block. (For example, if the 
blocked input order of the category, musical instru- 
ments, was "drum, trumpet, flute, guitar," the B 
cue order would be “flute, guitar"). | U and 
B cue orders were typed on sheets which were in- 
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cluded in the recall booklets of the cued experi- 
mental groups. 

The four experimental groups were differentiated 
on the basis of (a) the presentation order of the list 
words during the study trials and (b) the presenta- 
tion order of list-word cues at recall. These condi- 
tions were labeled BB, BU, UB, and UU, where the 
first letter indicates the input order and the second 
letter indicates the order of cues. (For example, 
Ss in Group BU received the blocked presentation 
order during each study trial and the unblocked 
ordering of list-word cues at each recall). The task 
of the experimental groups was to recall the 40 
remaining words (critical words) which did not 
appear as cues. 

The two control (C) conditions received no cues 
at recall. They were called the blocked control 
(BC) and the unblocked control (UC), based upon 
the presentation order during each input. The Ss 
in the control groups were instructed to recall as 


many of the 80 words as possible during the recall 
periods. 


Testing was conducted 
The Ss were permitted t. 
sessions, and the 


at eight scheduled sessions. 
О report to any one of the 
number of Ss per session ranged 
from 7 to 38. The unblocked presentation order 
was used at four of the testing sessions, and the 
blocked presentation order at the other four, in an 
alternating Sequence. 
* Upon arrival at tl 
randomly assig 


he testing session, each S was 
ned to one of the three cue 


ing con- 


RECALL 


CRITICAL 


MEAN 


2 3 
TRIALS 


solid lines rep 
The dotted lines represen, 
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5 t 
ditions and the presentation order being tested ы 
that session. This random assignment was xb 
tinued at each session such that 20 Ss were in cons 
of the six conditions of the experiment. The of 
ditions contained approximately equal numbe 
males and females. iven 
At the beginning of the sessions all Ss were гаре 
typed instruction sheets and the booklets for ictions 
recall. The E verbally summarized the i 
just prior to the first presentation of the ane а 
items were presented to Ss with a Wollensss ‘which 
recorder at a 2-sec. rate. The recall perio E 
followed each presentation of the list was 6 п E 
Results and discussion.—All groups were ~ chat 
on the recall of critical words. Figure 1 2103 аи 
the groups were ordered in terms of bos ОС, 
critical word recall as follows: BB, BU, В | done 
UB, and UU. An analysis of variance wa ae 
on the recall scores for these groups ке 
three test trials, and this analysis Shows 
groups to differ significantly, F (5, 114) „nificant 
p < 001. The expected trials effect was SE CA i 
F (2, 228) = 775.52, p < .001. The interac 
not approach significance. all wert 
All group comparisons of critical reca tests 
made with a series of Duncan multiple-rane™ поп 
As can be seen from Fig. 1, blocked prese! ormlY 
of list words during input produced. ui all 
greater recall than unblocked input, in thighe" 
three functions for blocked presentation are 
than those for unblocked presentation. 
parisons were significant at least at the .0. 
These results emphatically support those р howe 
by Wood (1969) and Lewis (1971), which Si „ued 
blocked input to be superior to unblocked wit m 
recall. More germane to the present prob d cue 
the effects of cueing with blocked or unblocke whe? 
when input was either blocked or unblocked- | 
input was blocked, recall was ordered 5С T 
blocked retrieval cues produced the greatest i 
no retrieval cues produced the least recall, s ot 
blocked retrieval cues fell intermediate to Pi: p 
two conditions (BB » BU and BC, p < 0 
> BC, р < .05). ori 
The data clearly indicate that with cal E. 
materials in which categories are made kn Шуй 
locking during input, a memory model sP 
the independent storage of items is tota Dita r 
propriate. That blocked cues greatly Габ! mel 
recall can only mean that the items in stora£ 
acted with the cues presented during recall. 
even the presentation of unblocked cues fa 
recall over that obtained with the none 
tion. This finding lends further supp 
view that items in memory interact. t s 
(1968) carefully specified an independen 
model as one which permits the prediction 
facility with which one item is recalled 
alter the accessibility of other items. 
from the blocked input conditions of the d 
experiment do not support this prediction in 
a 5 тоир ca 
The results of the unblocked input £7 ate © 
cated that blocking of cues did not facilit 


btain? 


а 


The 
pis 


Ш 


SEE a 
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О 2 
кеи A p noncued control group, à finding 
Ер 1 e interpreted as favorable to the 
"E nt storage model. є If a dependent storage 
(MM Золе апа if Ss were storing the 
ES shoul | preconceived categories, the blocked 
WEIN have facilitated recall. ]t may be that 
uet (ion lists with E-determined cate- 
eateries, ШҮ guarantee that Ss will identify these 
SRM Ban use them in the storage process, par- 
A ET hen so few learning trials are permitted. 
па s interpretive problem for the indepen- 
ee model is posed by the finding that with 
Ts тосеп раа unblocked cues produced 
(UU < ee either blocked cues ог no cues 
НА а UB, p< 001). А I[ items were 
Dee ар lentiys there is no immediately ap- 
have Men n be Se тоно selected items should 
baye. prod ie with recall. _ Random cues may 
Categories Le a decrement in recall by eliciting 
буп M Мен were not consonant with the idio- 
during dit ganization imposed upon the materials 
9 гаре. 
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TEST OF THE PROPRIETY OF T. 
PROCEDURE 


JOHN J. FUREDY 4 


University of Toron 


According to К. 
explicitly unpaired CS- (eu! 
is an inappropriate control fo 
euCS— performance 
performance and performance to 
which is uncorrelated with 
Ss in а .75-sec. delay 


as dependent autonomic У. 


change 


but the implication derive! 
in either autonomic measure, 
contingency differences consid 


T i - m 
he contingency account of Pavlovian condition- 
aina methodological 


inj 
1567) formulated by Rescorl: 
two b; and an empirical review (1969) paper makes 
in p. asic assertions. One is that the crucial factor 
avlovian conditioning is С5-0С5 contingency 


rat 
her than CS-UCS pairing (Rescorla, 1967, PP- 


аты 
meeting rosea chy а short version of which was reporte 
ay 1071 the Midwestern Psychological Association, I 
Search Cou; was supported by grants 
to JJF, ouncil (APA 222) and from. Car 
<in аге indebted to I de Tol 
Как some of the ideas in this 
on some aspects we have 


d at the 
Detroit, 
al Re- 


о for С 
aper, although we 5 
айу had to agree to 
n se hn J. Furedy, 

"ра! оша be sent to, John J. 
i81, Cant of Psychology, University ‘of Toronto, Toronto 

а. 


НЕ TRADITIONAL DISCRIM 
IN PAVLOVIAN 
PLETHYSMOGRAPHIC 


{р KARL SCHIFFMAN* 


A. Rescorla's conting 
CS—) of the differentia 


г CS+ conditioning. 


difference should excee 
a truly random cs- 


UCS occurrence. 
conditioning study W 
ariables. Reliable auton 
between CS+ and the two control CSs 

d from the contingency position was 1 
even though Ss 
егей important by Rescorla. 
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A: aken together, the results of this experiment are 
Е erpreted as supporting a categorical structure of 
nemory in which stored items are organized together 


and are interdependent. 
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I[INATIVE CONTROL 


ELECTRODERMAL AND 
CONDITIONING E 


to 


ency position, the traditionally used 
l-conditioning paradigm 
It follows that the CS+: 
d the difference between CS 
(trCS—), а stimulus 
This implication was tested on 32 
ith GSR and digital volume pulse 
omic discrimination 
S—) was obtained, 
iot confirmed 
to be aware of the 


(euCS— and trC 


were shown 


The other and related claim is that condi- 
has a status equal to that of condi- 


tioned excitation [Rescorla, 1969, р. 93]," where 
inhibition and excitation are assumed to be generated 
by introducing, respectively, negative and positive 
contingencies between a CS and a UCS. 

An implication of Rescorla's influential position 
is that in the traditional discriminative conditioning 
paradigm the CS— is an inappropriate control for 
a ing C5 conditioning (Rescorla, 1967, р. 14). 


However, while Rescorla's stricture against the dis- 
crimination procedure follows most С! arly and logi- 
cally from the contingency position, it is a separate 
question whether his argument has empirical im- 


15-16). 
tioned inhibition 


LEG u aa 
ee ea 
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portance for autonomic behavior. The conditions 
for testing this question are obtained from a two- 
groups differential-conditioning design in which one 
group receives the conventional, explicitly unpaired 
CS— (euCS—), while the other group receives 
the Rescorla-recommended truly random CS— 
(trCS—), the occurrence of which is not negatively 
correlated, but is merely uncorrelated, with the 
occurrence of the UCS. Provided discrimination 
is obtained in the form of CS+ performance exceed- 
ing CS— performance, it follows from the contin- 
gency position that the CS+:euCS— performance 
difference should exceed the CS4- :trCS— perfor- 
ance difference, and it is this autonomic implication 
of the contingency position that the present study 
sought to examine. Moreover, to cast more light 
on the contingency position in the context of human 
conditioning, advantage was taken of the verbal 
ability of the present Ss by obtaining post 
mental measures of the subjective contin: 
tween the CSs and the UCS. 

Method—The Ss were 32 undergraduates from the 
University of Toronto, who Participated cither to fule 
fil a course requirement or for $1.50. 

Details of the general apparatus are available in 
Furedy (1970b), while the apparatus used here ҳу; 
identical to that described by Furedy (1971) 

The procedure employed a .75-sec. de 

IS paradigm with durations of . 
sec. for the CS-UCS interval, CS. 
light), and UCS (2.0-mA shock) 
arrangement is similar to one that has yielded 
highly reliable differential conditioning in a previous 
study (Furedy, 19702, “short-forward” condition), 
Before conditioning, all Ss received a series of two 
tone-CS and two light-CS trials interspersed with 
three UCS-alone trials; the intervals between these 
seven preliminary trials varied randomly between 
| 90, 40, and 50 sec. As in Furedy (19702), the con- 
tioning trial series for the 16 Ss in the euCS— 
group comprised 12 pairings of CS+ with UCS, 15 
euCS— Gals; and D SE к CS+ alone tria 
presente . respectively, after 0, 6, and 12 (GS 
+ UCS trials. From S's viewpoint, the nature of 
the trials Was unsystematically ordered, and the 
intertrial intervals varied randomly between 30 
40, and 50 sec. For the remaining 16 Ss in the 
trCS— group, the conditioning-trial series was the 
same as for the euCS— 


4 ) group, except that the 15 
euCS— trials were replaced by 15 С trials. 
These trCS— trials, as detailed in Furedy (1971), 
were randomly allocated over the total с Р 
| Session. Hence, although UCS occurre 
. random through the sessio: 
-. Rescorla's (1967, 1969) experiments, the occurrence 
of trCS— in the Present study was independent of 
or uncorrelated with, UCS occurrence. Specifica] ч 
in contrast to CS+, which was followed bya UC 
within .75 sec. on 12 of 15 oc 
which wa а $ 
the allocation of the 15 trCS— tri 


gencies be- 


as 


-75, and 
(tone and 
b This 


onditioning 


nce was not 
Th as was the case in 


‹ spectively, 
а trCS— within 0-10, 


10-20, 20-29, and 29-1094 sec., with the last 
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“last UCS. Within cach 
nature O! 

groups, the т | 

counterbalanced 


trCS— occurring after tl 
of the euCS— and trC. 
CS+ (light tone) 
between Ss. + poral 
In addition to the autonomic GSR and peripho m 
vasoconstriction (VPC), measures МИ st 
continuously monitored and recorded Me. 
the session, subjective contingency (SC) Js by 
were obtained at the end of the раисе. by à 
written questionnaire which was pieces o 
written and diagrammatically illustrated a runs 
tion of the concept of a continuum whic т esci 
from negative through zero to positive иш 
After attempting to ensure that .S had ACE. 
this concept, E asked 5 to give magnitude p“ col 
(by marking a point along a 1. line) of d che 
tingencies during the conditioning stage between, 


versus was 


3 
tone (CS+ ог CS—) and the light (CS— or ws 


on the one hand and the shock (UCS) on the 0 
hand. 
Results.—The GSR, a drop in resistz C 
5 sec. following stimulus onset, was defined 
resistance difference between the point of ге 
initiation and minimal resistance : , change? 
during the 1—5 sec. interval. These resistance ance” 
were transformed into micromho, cond he 
change units. The VPC was defined wit ч in 2 
2- c. latency range following CS onset, formed 
Previous study (Furedy, 1971), and was trans 
into percent-VPC units. 5 per 
As regards autonomic discrimination (eun GSR 
formance exce ding CS- performance sy 
preliminary-trials data yielded no s 12) a! 
ence between CS4- performance (X. = 2-12) % 


ч = 1 
CS— performance (X = 1.51), F (t, 28) 7 GSR 
b .l. However, the conditioning-tria jd 


E j 
data indicated highly reliable discrimination, p 
CS+ performance Id 
formance (X — 2.33), 
In addition, there was a Discrimination ‚С5 
interaction with a divergence over trials of en yr 
function (X = 2.14, 3.84, and 3.94, respect je 
for first, second, and third CS+ test trial) pe c. 
CS— function (X = 1.94, 2.67, and 2.37, к of 
tively, for the three CS— trials proximal to 657 01 
те three CS-- test trials), F (2, 56) = 7.52 P y 
The VPC pattern of results, although s that 
more variable than the GSR, also suggest ple 
the conditioning operations had developed те, ee 
discrimination, The preliminary-trials € i SA 
between CS+ performance (X = 24.9) an si nifi 
performance (X = 23.5) did not approach. ре 
cance, F < 1, while during conditioning м 2 
formance X = 30.0) significantly ex eede з [0 


AS, 
Performance (X = 23.9), F (1, 28) = 7.28- poni" 
the GSR, the divergence over conc resp 


trials of the CS+ (X¥ = 30.0, 27.1, and ip a te 
tively, for the first, second, and third C^ 12! 
trial) and CS— functions (X = 28.5, 21.7, Rs in vig 
but, in contrast to the GSR, this divergent" Tri? a 
VPC, as represented by the Discrimination 
interaction effect, was not reliable, F (2, 56) 
BSA: 


— qu 
—— —————— 


163 


SHORT REPORTS 


cs+ 


di 


20r 


-40 


o 
MEAN % VOLUME-PULSE CHANGE 


MEAN CONDUCTANCE CHANGE 


SUBJECTIVE CS -UCS CONTI 
INI 
T IGENCY (% FULL SCALE) 
8 


25 
5 
о 


eu CS- tr CS- 
group group 


onditioning and cognitive SC (right panel) 
ON = 16) and trCS — (У = 16) groups. 


Fic, 1 
„1, Autonomie GSR (left panel) and VPC (center panel) m 
ires after conditioning on CS+ and control CS — tria 


xpected on the basis of the actual 


show the dz (VPC) panels of Fig. ! position and as expected, ; 
rom the Сва relevant to the prediction de 1 С5—1 CS contingencies 1n the experiment. These 
autonomic contingency, position, that С5+: SC trends were statistically confirmed in two re- 
exceed ta discrimination in the еиС5— group spects: (a) comparison of the cS+:CS— algebraic 
Panels j at in the trCS— group. Inspection of the SC differences between the euCS—- and wrCS— 

s indicates that even the trends were contrary groups yielded ! (30) = 1.77, р < 0% one-tailed; 
both for GSR and (b) the same comparison, but without the deviant 


the mean algebraic single S who failed to rate the contingency of CSE 
CS (probably because of having 


The left (GSR) and center 


©з 


О the conti 
о the contingency expectations 


S408 , in both measures, г c 

Broup Mm performance difference in the trC5— as higher than l 

rends, h ceded that in the euCS— group. These failed to understand the contingency concept), 
Sure, t per. were not reliable for either mea- У! slded t (29) = 53, p < 01, one-tailed. 

30) = 1.48 and 1.68 for GSR and VPC, To assess the relations s between the extents 

of autonomic and cognitive discrimination, relation- 


cent and commonly 
lo obtai Ж 22 U cepted , 1s : *verbalized knowledge of 
conditioni a greater CS+:CS— difference during CS—UCS relations is related to the extent of if- 
due to "ing in the euCS— group may have been ferential conditioning [Baer & Fuhrer, 1970, p. 
in that an abnormally low cs+ performance level 178], product-moment correlations were computed 
in the eae relative to the CS+ performance level between pairs of measures on the algebraic cSt: 
tion of rCS— group. However, apart from the ques- cs— difference scores. Neither electrodermal 
aid t whether such an explanation would really (GSR) nor pleth mographic (V I C) di rimination 
id e contingency position, statistical analysis was correlated with cognitive (5C) discrimination 
e Gen support the explanation, since, even 1n r= — .00 and —.02 for GSR-SC and VPC—SC, 
ünce le R, the difference between the CS+ perform- respectively. However, the two autonomic measures 
evels during conditioning between the eucs— of discrimination, GSR and VPC, were positively 

and significantly correlated, 7 =. . 

ible discrimina- 


tion of the GSR and 
st the possibility 
GSR, the failure 


evant to re 


ships which are rel 


Tespecti 
sspectively. Further insp 
accepted claims that 


E Panel in Fig. 1 could sugge 
specially in the case of the 


p 3 E 
a Mer groups did not approach significance, s i à es 
The § . Discussion. —T he presence of relia д 
of FS SC results are shown in the right-hand panel tion in both autonomic measures allowed the predic- 
Ig. l. As for the autonomic measures, clear tion derived from the contingency position to be 
S-UCS contin- adequately tested in а situation which, unlike pre- 
5 (Furedy, 1971), contained no 


Cog, 


as UCS-alone tria 
he present autonomic 
псу expecta- 
us 


vious experiments 
i ;ncrati 


nitiv, аот е 
tive discrimination of the C A 

de CESHE 
se experi! 


Bencies 

i B was obtained as regards 
Nore псе, with CS+ being judged as g been such i 
kn positively correlated with UCS occurrence Yet, as in tho 
«was CS— Бу all but 1 of the 32 behavior did not contre паї 5 
1.3, р < .001. However, in contrast t tions. Not only did the discrimination (CS4- 
d "c CS— performance in the euCS— group fail to 
that in the trCS— group, but 


aut E ‹ 
ец onomic trends, the CS+:CS— difference inthe С We ч 
me difference in significantly excee t : › 

even the trends in both GSR and VPC (Fig. 1) 


she ~ вгопр did exceed the sa є 
trCS— group, as predicted by the contingency 


ic feature 
nents, t 
rm to continge 


o the 


ч 


164 


were in the opposite direction to that predicted by 
the contingency position. 


It is possible that the apparent contradiction 
between the present anticontingency autonomic 
results and the procontingency results quoted by 
Rescorla (1969) is resolvable in terms of the rela- 


3 In defence of the contingency position, it is true, as pointed 
out by a consultant, that the ordering of mean response magni- 
tudes during conditioning obtained for the GSR (Fig. 1) is one 
which would be predicted by the contingency position together 
with considerations of interstimulus generalization. between 
CS+ and CS. At first sight this pattern of ordering (trCS-+ 
>euCS+ >гС5- > euCS—) might be considered to be 
strong evidence for the contin i 
view that this particular orde, ility 
of occurrence of -04. However, given the constraint of discrimi- 
nation (CS-- > CS -. ible patterns 
of ordering, and the appi btained GSR 
pattern becomes .25, 

an ordering of trCS4- > euCS+ > euCS — 
GSR data from the 

where reliable discrimi 
of euCS4- > UcS4- 
9n such orderings, 
рег о support the contingency 


t 
or which we are i 
of the CS+ trials before e: 
between those trCS 
CS+ (trCS— and 
Which occur apart from the CS+ (trCS— 
CS+). In this case, the latter class of trCS 
‘sponding was measured) could 
Properties, since they would never be immed 
a UCS, However, even if the contingency bei 
trCS— and the UCS was not truly à reason, the 
contingency po; at the trCS — would 
have been less negative than th ince the latter stim- 
ulus was never followed by a UCS within 29 ѕес,, whereas the 
rmer, even in thi 
lowed by a UCS within 1 
ition still predicts а gr 
euCS — group than in th 
did emerge reliably in ter 


h + Separate groups will have to be 
тип with CS+, trCS—, and euCS — as the CSs in the three- 
two-groups, discrimination design that 
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: : res- 
tively few CS+-UCS training trials used id т 
ent experiment. To say that, BON s the 
deny the claim that Rescorla's ИБНЕ ia applies 
traditional discriminative control proce u ve these 
to autonomic conditioning experiments, x short 
almost without exception, have employ tioning 
acquisition periods with relatively few c acquisition 
trials. In the present case, morcover, the г ; to allow 
period seems to have been sufficiently long оо Уе 
the human Ss to become demonstrably Me He 
in terms of verbal report to those contiar a Yet; 
ferences considered important by Reso и 
despite this sensitivity, the autonomic ditioninte 
though showing reliable differential er) py th 
did not yield the pattern of results poe experi 
contingency position, and, as in the Brev tained for 
ments (Furedy, 1971), no evidence was 0! er oa 
the presence of any conditioned autono 
inhibition (Rescorla 1967, 1969). 
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COMPARISON OF TRACE AND DEL. 
А AY CLASSICAL EYELID COND N 
AS A FUNCTION OF INTERSTIMULUS INTERVAL: БЕТЕ 


SUSAN M. ROSS? AND LEONARD E. ROSS 
University of Wisconsin 


Trace and delay classical eyelid conditioning were cı i 

Ssat seven interstimulus intervals from 250 ы to аана Бошед 
меге used with the trace CS having a duration of 50 msec. and the dos cs 
terminating with the UCS, a puff of compressed air to the right cornea. Ул 
results indicated no significant trace-delay difference in conditioning md 


formance. 


оа it is generally assumed that trace and 
eyelid LINE equally effective in the single-cue 
sed m 5 itioning of humans, this assumption is 
iun u К. ds comparisons between studies rather 
a single x а direct trace-delay comparison within 
Thus i udy with other variables kept constant. 
(1945) ГЫ combined data of studies by Reynolds 

‚ Kimble (1947), and McAllister (1953) are 


* Often cite > i 
cited as evidence for the equivalence of trace 


а "n s 
E Cor although. there are a number of pro- 
Barison m erences which make the direct com- 
Por pass the results of these studies inconclusive. 
Was emple; a nonreinforced test trial procedure 
(Kimble in both of the delay conditioning studies 
trace esha McAllister, 1953) but not in the 
eae B itioning study (Reynolds, 1945), a con- 
Partial T of the use of test trials, and therefore 
Which aie ee with the trace-delay variable 
of the de ht have reduced the level of performance 
the EE conditioning groups relative to that of 
Studies it UNDA Other differences among the 
clicks) Lus ved the CS employed (lights, tones, or 
Of a read duration, and the presence or absence 
ie sete es preceding each trial. 
li аы | the above, and the fact that trace-delay 
‘oning a have been found in the classical condi- 
interstim panier organisms às à function of the 
the EN ulus interval (ISI) (Schneiderman, 1966), 
rovid sent two experiments were conducted to 
e a direct comparison of trace and delay 


Pro; 
Em at several 1515. In the first study, trace 
Values, lay conditioning were compared at four ISI 
1,400 } 500 msec., 800 msec., 1,100 msec., and 
include. sec. These ISIs were selected in order to 
Optimal | value which is generally accepted as the 
Well à for single-cue conditioning 1n adults, as 
Study. S several longer intervals. In the second 
inp conducted 1 yr. later, trace and delay pro- 
Sec. nist compared at ISIs of 250 msec., 300 

trace-q 20 msec., and 500 msec. in order to exten 
and mr comparisons to short ISIs. The first 
Second study overlapped at one ISI value, 500 

n s indicate the comparability of the two 


d in Exp. I, 
re students 


—Eighty-eight Ss participate 
гуса in Exp. П. All Ss wel 


This i, i 
‘investigation was supported by United States Public 
е Research Grant MH 10235. E 

or reprints should be sent f. Ross 
iversity 


1 
He, 
Тад E 


Dep eque 

of Wittment of P: 
isconsi sychology, Psychology 
onsin, Madhan Wisconsin 53700. 


to Susan M 
Building, Un 


in an introductory psychology course at the Uni- 
versity of Wisconsin, and all earned "points" which 
counted toward their course grade. 

The studies were conducted in a three-room lab- 
oratory which permitted simultaneous conditioning 
of two Ss. All sound-generating equipment and 
response-recording equipment was located in one 
of the three rooms (see Wilcox & Ross, 1969, for 
a complete description of this equipment), and one 
S was seated in each of the other two rooms. 
"Throughout the conditioning session, a silent motion 
picture was projected on a screen in front of S. 

Earphones were used to present a 65-db. white- 
noise background and the two pure-tone CSs (800 
Hz. and 2,100 Hz.) which were matched in loudness 
to a 1,000-Hz. tone with an intensity of 85-db. SL 
(see Wilcox & Ross, 1969, for exact specification of 
these stimuli). All tones had a "fast" rise and 
decay time (710 usec.). The trace CS had a dura- 
tion of 50 msec., and the delay CS terminated with 
UCS' offset. For both conditions, the ISI was 
measured from the onset of the CS to the onset of 
the UCS. The UCS was a puff of compressed air 
to the right cornea with an intensity of .75 psi and 
a duration of 100 msec. Intertrial intervals of 15, 
20, and 25 sec. with a mean of 20 sec. were employed. 

Experiment I included trace-delay comparisons 
at ISIs of 500, 800, 1,100, and 1,400 msec. In 
Exp. II trace-delay comparisons were made at ISIs 
of 250, 300, 350, and 500 msec. In both studies, 
half of the Ss in each group were conditioned wi 
the 2,100-Hz. tone and half were conditioned with 
the 800-Hz. tone. In addition, half of the Ss in 
each experimental group were males and_half were 
females. 

While S was being seate: 
room, he was informed that th 


with his reactions to certain events as th 
asilent movie. After 


occurred while he was watching 
d been fitted on both 


the headband and earphones ha: 
re presented through the 


Ss, further instructions We 

earphones. The S was asked to refrain from touching 

the equipment on his head and to relax, sit quietly, 

watch the movie, and make no attempt to aid or 
Two CS-alone trials 


inhibit his natural responding. 
and a trial with the air puff alone were presented 


to each S with the instructions that such events 
would occur while he was watching the film. The 
film was then started, and each S was given 80 


single-cue conditioning trials. 


d in his experimental 


e study was concerne! 
ese events 
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Results and. discussion.—The first pen deflection 
of 2 mm. (.67 mm. at the eye) or more occurring 
within the interval from 200 msec. after CS onset to 
UCS onset was scored asa CR. The percentages of 
CRs for the last four trial blocks are presented in the 
lower row of Fig. 1. Since the scoring interval in- 
creases in length as ISI increases, a greater probability 
of a spontaneous blink falling into thescoring interval 
and being identified as a CR would be expected as a 
function of ISI. As a simple correction for differ- 
ences in the influence of spontaneous blinking as a 
function of ISI, the first pen deflection of 2 mm. or 
more occurring within the interval of the same 
length as the scoring interval but immediately 
preceding the onset of the CS was scored as a spon- 
taneous blink, and each S's CR frequency was 
adjusted by subtracting, trial block by trial block, 
the frequency of spontaneous blinks from the fre- 
quency of CRs. The corrected percentages of CRs 
for the last four trial blocks are presented in the 
upper row of Fig. 1. It сап easily be seen that 
While this correction procedure has the effect of 
reducing CR frequencies at the longer ISIs, it does 
not increase the difference between trace and delay 
conditioning performance at any ISI. 

Each S's record was also scored 
response derivative criterion 
man and Ross (1961). 
of voluntary form resp 


according to the 
as suggested by Hart- 
In Exp. I, the distribution 

onders for trace and delay 
conditioning, respectively, was 500 ISI, 4, 4; 800 
ISI, 2, 3; 1,100 ISI, 1, 2; 1,400 ISI, 3, 3. In Exp. 
II the distribution of voluntary form responders 
was as follows: 250 ISI, 6, 4; 300 ISI, 4, 7; 350 ISI, 
8, 5; 500 ISI, 7, 5. The remaining Ss were classified 
às conditioned form responders and their CR fre- 
quencies, both uncorrected and corr: 


ected for spon- 
taneous blinking, are presented in the right column 


CORRECTED % CRS 


SHORT REPORTS 


E Р re- 
of Fig. 1. It is clear from the figure that the 


neither 

moval of voluntary form responders changes «e a 
the similarity of trace and delay canu non 
the function relating conditioning and ISI. both 

Data from each study were analyzed b 
the corrected CR frequency and the шок 
frequency for the last four 10-trial bloc me Ў 
the two types of analyses resulted in results o 
patterns of significant differences, only Her will be 
the analy: of corrected CR frequencies е 
presented. An unweighted means analyst OT 
ance for Exp. I, which included ISI, the та riaDle® 
comparison, sex of S, and CS frequency as actions 
resulted in no significant main effects or intera 
The trace-delay comparison led to F < un ded 151, 

The analysis of variance for Exp. 11 inc rial з. 
trace delay, sex of 5, and CS frequency а5 tee 151, 
Results indicated а significant main elen 
F (3, 64) = 24.69, p < .001, but not eor 
delay variable, F (1, 64) = 1.92, p > 20. th 
man-Keuls test comparing performance à nees 2 
1515 indicated significant (p < .01) differe e ween 
tween 250 ISI and all of the other ISIs an ееп 300 
300 ISI and 500 ISI. The differences ес js! 
ISI and 350 ISI and between 350 ISI an E 
were not significant. | re W? 

In addition to the significant ISI effect, the if 6» 
a significant main effect of CS frequency» th 
= 8.04, p <.01, with those conditione for ап 5 
2,100-Hz. tone showing lower levels of рео pert 
that those conditioned to the 800-Hz. tones i 
was also a significant CS Frequency X rig! d 
action, F (3, 64) = 3.70, р < .05. Comp?" icat 
the two frequencies at each of the four 1518! 2 12 i 
a significant difference only at 300 ISI, t p pigh? 
b < .01, with the 800-Hz. tone leading. i 
levels of performance than the 2,100-Hz. to" 


Since 
ame 


ә 
a 
о 
5° 
20 *——e DELAY 
L 
10 о—--о TRACE 
е mm 500 800 i106 ia D ENTE. = 1 >= 
586 оо ggg 500 800 поо 1400 
86 
151 (MSEC.) 
Fic. 1 Percenta; 


Flu 1. se of CRs for Trials 
blinking, a. i ois asgl 
eee colinas a function of ISI а 


nd the trace. 
condit sd 


ioned form responders onl, 


-80 


“lay comparison. (Data from all Se are in the 
y in the right column.) 


» uncorrected and corrected for spontaneous 


SHORT REPORTS 


finding of CS frequency effects is unusual in that 
the two frequencies, which were matched in loud- 
ness, did not lead to performance differences in Exp. 
Land have not been found to produce differenteffects 
In previous studies conducted in this laboratory (e.g, 
Wilcox & Ross, 1969). 

The data clearly demonstrate that this very short 
trace CS and the delay CS are equally effective in 
Single-cue eyelid conditioning with humans. The 
Comparison of trace and delay procedures at seven 
ISI values between 230 msec. and 1,400 msec. re- 
Sulted in no significant differences as à function of 
CS condition. This finding held for conditioned 
form responders alone as well as for all 5s tested. 
The ISI functions obtained for both trace and delay 
Conditioning are quite similar to those previously 
ound, the highest levels of conditioning appearing 
Within the 400- to 500-msec. range, with lower 
levels of performance at shorter ISIs and little or 
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no decline in performance at longer ISIs of up to 
1,400 msec. 
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Two of us proposed in an earlier article 
(Crowder & Morton, 1969) that informa- 
tion concerning the last few items in 
ey presented immediate-memory 
cs is held in a Precategorical Acoustic 
Ld (PAS) system. This store 1s 
ше as being a property of that part 
M eg system responsible for the 
Bin, lysis of acoustic inputs. The most 
©bvious consequence of the PAS mechanism 
15 the advantage observed in recall follow- 
Ing auditory as opposed to visual presenta- 
Чоп, an advantage specific to the last few 
Serial positions. Conrad and Hull (1968) 
and Routh (1970) showed that if S vocalizes 


rehearsal of visually presented series, the 
Eu “acoustic” result is obtained, while 
urray (1965) has shown that such 
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tic presenta 


d pitch) with respect to the s 
hat PAS is located 


Is and before the convergence of acoustic 


thich use the stimulus suffix effect 
acoustic store (PAS) 
69. The SSE is a selective 
recall list engendered by a 
tion. First, it is established 
x as its meaning, frequency of occur- 
he size of the suffix effect. This 
store. Second, it is shown that varia- 
as its apparent spatial loca- 
imuli reduces the size of the SSE. 
after a mechanism of 


na serial 


effects are removed if S re- 
fficient to mask the 
Thus it seems ap- 
acoustic informa- 
auditory-visual 


vocalization 
ceived white noise su 
sound of his own voice. 
parent that genuinely 
tion is implicated in the 


comparison. 

In the earlier 
how the effects o 
der, 1967; Morton, 
preted by reference to 
suffix (hereafter simply "suffix" is an 


extra locution pronounced after the ter- 


minal element of the to-be-remembered 
i irment of 


series; its effect is a sharp impair 
the last item or two. 
effect removes the 2 
over visual presentatio 
fair empirical generalization and in addition 
is the theoretical interpretation advanced 
by Crowder and Morton (1969). The pro- 
posed mechanism for the suffix effect is that 
the suffix overwrites information in PAS 
before such information can be used (or in 
protected”) by S. It should be 
ffect of a suffix does not 
ble the effect of a re- 


ad, 1958, 1960; Crow- 


article, we demonstrated 
f а stimulus suffix (Crow- 
1968) could be inter- 
PAS. The stimulus 


some way "I 
noted that the € 
qualitatively resem 
sponse prefix (Conr: 
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der, 1967). The prefix impairs serial recall 
at all serial positions, whereas the suffix 
acts selectively on the very last portion 
of the function. 

The set of questions we are addressing in 
the present article concerns how the suffix 
effect is a function of the various acoustic 
events one chooses to employ as a suffix. 
After an initial study concerned with the 
situational generality of the suffix effect, 
the remainder of the research will be com- 
posed of (а) studies revealing that the 
semantic nature of the stimulus suffix makes 
no difference to the suffix experiment, (b) 
Studies showing the rather complex de- 
pendence of the suffix effect upon laterality 
arrangements used, and (c) studies ex- 
ploring the dependence of the suffix effect 
upon "vocal" or acoustic properties of the 
Suffix event. 

к 
THE GENERALITY OF THE SUFFIX Er 
Experiment I 


CT 


The purpose of this study was to demon- 
strate that the suffix effect is not restricted 
to techniques where complete ordered recall 
is required. The reasoning was that such 
a demonstration would support the con- 
tention that the results to follow later in 
this study (virtually all based on the 
standard ordered-recall method) are of 
general relevance to human memory and 
not limited by a particular method of 
measuring retention. As in many of the 
studies to follow, the stimuli were lists of 
digits read at a rate of 2 digits/sec; how- 
ever, instead of having to recall the whole 
list from beginning to end, Ss in the present 
study were provided with cards showing 
the series they had just heard in its entirety 
except for a single digit. It was this single 
digit, represented by a dash on the test 
card, that S was responsible for recalling, 
This method constitutes a combination of 
position and associative probing. The § 
is free to use the item Preceding the dash 
as his cue or he may identify th 
item by noting what position it 
In either case, S is released from 
burden of (а) recalling the entire 
(b) recalling order, as well 
information. 


e missing 
occupies, 
the great 
series and 
as item, 


Method.—F ifty-four Yale undergraduates uem 
individually, listened to the same fixed lis p io 
nine-digit series, each spoken at a 2 digit/Sec oe 
with 1-ѕес. warning period and three trials e verve’ 
presented over a tape recorder. Each ^ Hoh as 
in all three conditions. In the Control condi Es. 
soon as the list had been presented, 5 was Sho S 
5 X 8 in. card on which eight of the nine S IE for 
digits had been typed in a row with a ES асе. 
the ninth (tested) digit and a dash drawn in ! Ke. 
The S had before him a numbered list of 108 $ EX \ 
in which to write the probed digit for pn sani 
In the Prefix condition, everything was ifs Не 
except S had to speak the word ‘ ro betw RS rcd 
ing the last stimulus digit and receiving the Rd in 
from E. [n the S; fix condition, the only ей 
procedure from the Control condition was пы the 
test series as presented had a tenth elemen гїп" 
word “zero” spoken in the same voice as had s Ss 
ally recorded the series. Six subgroups of n sil 
each received these three conditions in all Pist ol 
orderings. However, since the same fixed jitions 
108 nine-digit stimuli was used for all S сой e 
and stimuli were completely balanced against I 
tice and against individual stimuli. 


ar- 


Resulls.—The results are given in Pu 
which shows error probability as a func га 
of condition and serial position. The oV 
effect of conditions was highly significa y 
F (2, 106) = 20.03, p < .01, coming С 
from the superiority of the Control P 
tion to the two other conditions. These s 
outcome was, however, that while ally 
Suffix and Prefix conditions were gener a 
indistinguishable, in the last serial posit! 


У 


< 
E4 
- 
a 
5 3 
о 
с 
a 
2} | 
© x suffi 
us 
4 ix 
Bene 
Гаа 57677 9? 
SERIAL POSITION a id 
к Р abilitY ре 
Fic. 1. The relation between error probabi "oP 


< а а ste Pus 
serial position in Exp. I using а сотр E imul 
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THE STIMULUS SUFFIX EFFECT 


the Suffix condition revealed over twice 
as many errors as the Prefix condition. 
Analysis of the ninth serial position showed 
that the Prefix condition did not differ 
from the Control condition but that the 
Suffix condition did (р = -002 by sign 
test) and that furthermore the difference 
between the Suffix and Prefix conditions 
was highly significant (p < .006). Else- 
where, there were no significant differences 
between the two experimental conditions 
excep’ for a marginal difference at Serial 
Position 6 (p = .049 by sign test) showing 
more errors in the Prefix condition. We 
shall assume this latter difference was а 
Chance occurrence. 


Discussion.— 


= p. I shows simply that the 
suffix effect, ie, the selective 


impairment of 
recall at terminal serial positions, is readily 
demonstrable in experimental arrangements 
other than those involving serial recall. 
Whether order information is or is not neces- 
sary for performance of this probe task is a 
question beyond the scope of this paper and 
beyond the grasp of modern theories in any 
case. However, it seems to US fair to observe 
that this task does greatly minimize whatever 
error tendencies lead, in serial recall, to inver- 
ees and other order errors. At the very 
“ast, the requirements of the present technique 
EA the standard immediate recall task are 
Substantially different, notably with regard to 
SHE S must retain about serial order; occur- 
Sa ce of the suffix effect under both circum- 
ances gives some measure of confidence that 
the phenomenon is not narrowly task specific. 
In addition to the standard serial recall task, 
the suffix effect has been demonstrated with 
running memory span (Crowder & Morton, 
1969) and with ‘complete probing (see Exp. T. 
above). Still further documentation of the task 
Nonspecificity of the suffix effect is, of course, 
ен to be desired. However our approach 
in the remainder of the present paper has been 
ы the opposite. We have largely kept the 
Siem: the same but have brought about ЧУ 
гон variations in the nature o Tos 
be nory materials and in the way they ^3 
en delivered to our 55. 


wwe THAT PAS 15 
ATEGORICAL 

b In earlier experiments; suffix effect has 
сеп found with the digit “Zero” followings 


XPERIM TS CONFIRM 
PRESEMANTIC AND PRE 
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a list of digits (Crowder, 1967; Dallett, 
1965). and with an unpredictable digit 
following a list of letters (Morton, 1968). 
It is important to know whether there are 
any semantic effects associated with the 
suffix phenomenon. Since the underlying 
model (Crowder & Morton, 1969; Morton 
109, 1970) specifies that PAS is located 
well before extraction of meaning, we must 
predict that there will be no variations in 
the size of the suffix effect owing to the 
meaning of the suffix location. The next 
several experiments confirm this null pre- 
diction in a variety of situations. 


Experiment ШГ 


Method.—The Ss were 48 volunteers from the 
Applied Psychology Unit S panel, all housewives 
aged from 25-45. They served in six groups of 8 
Ss each in accordance with a 6 X 6 Latin-square ar- 
rangement of the following six conditions: (a) Control 
(C): no suffix; (b) Binaural Suffix (B): the suffix 
(the word “nought” ) was at the same apparent loud- 
ness and location as the stimulus lists; (c) Monaural 
Suffix (M): for half of the Ss the suffix (“nought”) 
was presented to the left car and for half to the right 
ear. The intensity of the suffix was the same as that 
pre: „піса to each ear in Cond. 2; (d) “Recall” Suffix 
(R): identical to Cond. 2 except the word "recall" 


sed rather than “nought”; (е) Random Words 
cted AA words from 


new word being used 
: identical to Cond. 1 ex- 


was 
(W): suffixes were randomly 
the Thorndike-Lorge table: 
on each trial; (f) Prefix (P) 
cept S was required to write the digit 0 between 
hearing the stimulus list and recalling it. A space 
was provided for this prefix on each line of the 


answer sheet. 

The stimuli were lists of eight digits, binaurally 
presented. There were 20 lists presented in each 
block, (i.e., for each of the six conditions) of which 
the first two were discarded as practice. [n addition, 
Ss started with a complete practice block in whicl 
all the suffix conditions were illustrated. The Ss 
were informed before each block of trials which con- 
dition would follow. Stimuli were recorded on mag- 
netic tape at a rate of 2 digits/sec and played via а 
Vortexion tape recorder through G. Brown 
3C/1100/1 headphones. All suffixes occurred 4 sec. 
after the final item in a test series (ies 500 msec. 
following the start of the final item). 

The stimulus lists were arranged so that no digit 
was repeated in any ist and no digit occurred in suc- 
cessive lists in the same serial position. The digit 
lists in any condition were arranged so that each 
digit occurred an equal number of times at each 


serial position. These precautions ensured that no 
artifactual influences would contaminate the data. 
Recall was written on response sheets with the 
proper number of spaces. Instructions warned 
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against starting recall before the list had been com- 
pletely presented. There were also stipulations 
calling for ordered recall and for leaving no blanks 
(i.e., Guess when uncertain"). 

In this and several subsequent studies, since the 
population of Ss was extremely heterogeneous with 
regard to memory ability, some method of screening 
was necessary. Where possible, this was done in ad- 
vance. On other occasions, Ss were excluded who 
either scored the maximum possible number of er- 
rors at any one serial position in any condition or 
who made no errors at all in any one condition. 
Also, any SS discovered not to be following instruc- 
tions (writing down the digits at presentation, re- 
calling in other than serial order, etc.) was eliminated 
from the study. Groups were then adjusted by ran- 
dom discarding of Ss from the study so as to balance 
the control over order of presentation. 


Results —The data from all groups were 
pooled and the errors at each serial posi- 
tion expressed as the proportion of the 
number of lists used. Conditions were com- 
pared by performing Wilcoxon tests on 
the pooled data for all serial positions. Only 
and all of those differences w 


nificant at better than 2% 
reported. 


One might expect that the Binaural 
"INought" condition would have a greater 
effect than either "Recall" or the Random 
Words conditions, since it belongs to the 
same set (digits) as the stimuli. In addition, 
it might be predicted that the Random 


hich are sig- 
(two-tailed) are 


ERROR PROBABILITY 


23 4 5 


SERIAL POSITION 


Fic. 2. Error probability in serial recall in 
П. (The Binaural “o” Suffix curve is the average 
of three conditions indistinguishable in the data, 
The stimuli were Presented binaurally, hence the 
greater effect of the Binaural Suffix. The difference 


between suffix and prefix is clear. The prefix and 
recall were written.) 
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Words condition would have a gren 
effect than the "Recall" condition Su 
the latter was completely predicta i 
Neither of these suppositions are p. 
ported by the data, there being wu 
nificant differences between these e 
conditions at any serial position except 18 
and B at Position 5. This isolated шее) $ 
was attributed to chance. According 5 
these three conditions are pooled in B. 
All three of these conditions were we A 
than the Control condition except ai 
Positions 1 (B, W, and R), 2 (R and wal 
and 5 (B and R). The impairment к. 
greater at Position 8 than at other "han 
positions and greater at Position i cct 
all others except the last. In this Ке 
the Suffix differs from the Prefix, stie ug 
worse than the Control condition at able 
tions 3, 4, 6, and 7, but is indistinguishe a 
from it at Position 8. These results con 
earlier results (Crowder, 1967). 

The Monaural Suffix differs from 
Control condition at Positions 2, 3, the 
and 8. It was not different from the об; 
suffix conditions except at Position 8 
effects of the monaural suffix will be 
cussed in detail in later sections © 
article. 8 

The important result for the тотеп" ij; 
that given both stimuli and suffix the 
binaurally presented, the effect of ing 
suffix is determined neither by its теа! гаї 
nor its predictability. The next sey 
studies are directed toward the same P der 
from slightly different angles. We con? re- 
it important to furnish considerable се 
dundancy with respect to this result 


a null-hypothesis outcome is predicte 
the theory. 


the 


Experiment III 


In this experiment, the prefix and a pe 
conditions were again contrasted ; age (he 
there was a pair of conditions in whic 
redundant element (prefix or sufit gdi 
the word “zero” and another pair 0! € 


+ а 
“uhh... 2" This 1 
Jerk, ya it is relat” ice 
event was chosen because it n 
"impoverished" in an articulatorY 
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and contrasts sharply with the articulatory 
richness of "zero." "r 

Our expectations for these conditions 
were that while there ought to be no dif- 
ference between using “zero” or “uhh pO 
as a suffix, (for reasons cited above), it 
might make a difference when these two 
were employed as prefixes. Crowder (1969b) 
and Crowder and Morton (1969) have 
speculated that the prefix effect might re- 
sult from articulatory interference. (These 
writers have insisted that the prefix effect 
is mediated by a different mechanism from 
that mediating the suffix effect; the nature 
of the former is not critical to arguments 
concerning PAS.) If this were the case, then 
the degree of similarity between the speech 
gestures involved in Ss producing the prefix 
element and those involved in retaining or 
recalling the memory stimulus should be 
evident in performance. It seems fair, on 
this basis, to predict that since the sound 
uhh . . .” involves practically no articula- 
tory variety, it should lead to a smaller 
prefix effect than “zero.” 


Method.—Each of 20 Ss (Yale students serving 


for pay) received the same 100 trials, arranged into 
five blocks of 20 lists, in the same order. The five 
Conditions, Control, “Zero” Prefix, "Uh" Prefix. 

Zero" Sufix, and “Uh” Suffix, were all presented to 
cach S, although in different orders according to а 
pair of Latin squares. Since the digit lists used on 
Any given trial were the same for all Ss, the Latin- 
Square arrangement produced complete balance 
With regard to individual stimuli, and, since the 
Squares used were so chosen, with regard to first- 
order sequence effects among conditions. 

„The stimuli were random permutations of the 
nine digits (excluding zero) A new trial began 
every 20 sec. and consisted ofa “ready” announce- 
Ment, a 1-ѕес. pause, then the list of nine digits read 
at a 2/sec. rate, and finally а silent recall perio 

„In the two suffix conditions, the extra element 
S Zero" or “uh”) was recorded in E's voice exactly 
a time with the 2/sec rate. In the prefix and con- 
rol conditions, only the nine-digit series were re- 
огде. The Ss were told, before each prefix con- 
folio. to emit the prefix as rapidly as уе 
vs owing stimulus presentation. There seem 2 

е no problem in getting reasonably standard SEI 
x uhh . . .” from the various Ss; it seemed 10 
Many of them an extraordinarily natural thing to 
are they prepared to initiate reca, < Although те. 
sho for the memory series Was written, on а ae 
ë ets providing the proper number of spaces E пе 
emission was vocal. The 55 were tested individua y 
m a small room with playback through à single 


Oudspeaker. 
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Results —Each of the five conditions is 
plotted separately in Fig. 3. It can be seen 
in the figure that both types of redundant 
element had impressive overall effects on 
error rates whichever word was used. As 
predicted, more errors were made in the 
prefix condition when “лего” was used as 
the prefix element than when “uhh . . .” 
was used as the prefix element; however, 
for all positions combined, this result was 
not statistically significant. Wilcoxon tests 
showed, in fact, that only at Serial Posi- 
tion 6 were errors in the "Zero" Prefix 
condition significantly greater than in the 
"Uh" Prefix condition (p = .022). 

There was not overall a statistically 
significant difference between the two 
suffix conditions, as predicted; however, 
unexpectedly there was à consistent tend- 
ency for the "Uh" Suffix condition to dis- 
play more errors than the "Zero" Suffix 
condition in the last few serial positions 
(p = .077 at Position 7, P = .041, at 
Position 8, and № = 036 at Position 9). 
The experiment was, of course, conducted 

that the "Uh" 


against the possibility 
might be the less effective suffix of the two; 
to have shown à tendency toward the 
her an embarrassment. The 


contrary is rat! 
best hypothesis at the moment seems to 


us that acoustic energy reaches 5 earlier 
chronologically in the "Uh" condition 
5 
SUN Suffix 


Zero Prefix 
XUR Prefix 


Control 


ERROR PROBABILITY 


ү ea! БВ 

SERIAL POSITION 
t on error probabilities of two 
uffix and response prefix as a 
position. (The prefixes were 
written. Data are from Exp. 


Fic. 3. The effec 
kinds of stimulus 5 
function of serial 
spoken; recall was 


ш.) 
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than in the "Zero" Suffix condition. This 
difference is inherent in the articulation of 
the two sounds, "Uh" reaching full in- 
tensity immediately and "Zero" not. Crow- 
der (1969a) has recently shown that dif- 
ferences of 100 or 200 msec. in delay of 
suffix onset after the terminal item ap- 
preciably affect the magnitude of the 
suffix effect. In any case, Exp. Ш clearly 
supports the earlier study in failing to find 
an enhanced suffix effect when the suffix 
comes from the same semantic class as the 
memory materials as opposed to when it 
does not. 

Disregarding the “zero-uh” comparison, 
it is of some interest to compare Fig. 2 
and 3, in both of which there is a contrast 
among prefix, suffix, and control conditions. 
The obvious and important similarities 
are that in both studies the prefix and 
suffix each affect performance adversely, 
the former nonselectively across serial 
positions and the latter selectively with 
regard to items at the end of the list. 'The 
one notable difference in the two patterns 
of results concerns the comparison of 
Suffix and prefix serial position functions. 
In Exp. 1I, these two experimental condi- 
tions are identical until Position 5, whereas 
in Exp. ПІ the suffix effect is considerably 
smaller than the prefix effect until P 
tion 7 where the situation reverses. In an 
overall analysis of variance in which the 
two prefix conditions were combined and 
also the two suffix conditions combined, this 
crossover showed up in а highly significant 
Position X Condition interaction, F (8,152) 
= 29.73, P < .01. The most likely ex- 
planation for this discrepancy seems to us 
to be that in Exp. ll a written prefix 
was used, whereas in Exp; IIIa Spoken 
prefix was used. Crowder and Erdman 
(1968) have shown that a Spoken prefix is 
more injurious to recall than a Written 
prefix. If the prefix curve of Fig. 2 were 
simply elevated slightly, the pattern would 
be identical to that shown in Fig. 3. Other 
important differences exist between the 
studies, of course, different 5 populations 
different list lengths, etc. ‘The general 
lesson to be learned from comparing 
two studies is not the specifics of proce 


osi- 


these 
dures 
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or outcomes. Rather, it is that the p 
cedural circumstances of this type of S d 
do make a large difference and that E 
therefore not possible to generalize à s 
stractly about what effect these operata 
have except that the suffix always oe 
position-specific effect and the prefix alwa | 
has a nonselective effect. For акаш 
in Fig. 3 if one shifts the suffix -— 
one position to the left it lines up a qu. 
perfectly with the first eight points ap the 
prefix curve; this coincidence ip. 
conjecture that the prefix and suffix € hat 
are really the same phenomenon but : f 
in the prefix condition an extra Боба 
added at the beginning of the list Т is 
in the suffix condition the extra even a 
added to the end of the list. This dd 
position is quite opposed to our own a 
oretical position and to those aoe: 
to make this last interpretation we 11 the 
application of the same procedure tO “one 
data of Fig. 2 (i.e., shifting the suffix €^. 
dition one position to the left). In pue 
periment, the shifted functions are a $ 
mismatch. 

Further indications from Exp. 
the prefix and suffix operations idera 
fundamentally are provided by conse a 
tion of the overall error totals in the a 
experimental conditions. For every “'ye 
number was computed representing and 
algebraic difference between the “Zero cond 
the “Uh” Prefix conditions and а З) 
number representing the “Zero” minus Ш 
"Uh" Suffix conditions. Under the ant 
hypothesis, that variation in the redun ре“ 
element affects the prefix and sufix Pct 
nomena similarly, these two differ, 
scores should be from the same distribu sig 
However, a Wilcoxon test showe т ine 
nificant interaction, T = 56.5, p < D te 
dicating that contrasting outcomes E ed 
prefix and suffix situations were ober ity 
when the redundant Р 
was varied. 


j that 
1M jiffer 


"u 
element's 


Experiment IV io? 

In this experiment, the critical per а 
was опе in which 5 listened to а cing a 
cight-digit lists with a suffix consis aga!" 
the first digit in the list presente 


adit 


as 


T————— 
———— ÀMÓ— (EPIRI 


at 
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The instructions said that this was intended 
to help them achieve good recall by en- 
suring that they started right. A naive as- 
sociative theory might indeed be shown to 
predict a simple improvement on this basis. 
A slightly more sophisticated theory might 
Suppose that the impairment would be 
E than with the “nought” suffix since 
the digit could be regarded as a member of 
the set of stimulus items. Our prediction 
was that in agreement with the naïve as- 
em theory, there might be some slight 
Don! pn quite early in the list for the 
ihe p igit condition as opposed to 
Bio. ү. ought” condition but that there- 
he two suffix conditions would be 
equally impaired. 
еса stimuli were eight digit lists which 
tions мар NS ed There were three condi- 
Suffix (D) (hrs 2 Nought” Suffix (N), and Digi 
receiving М ya be — а ут eighth), each 
ing of six such Ü "d S sun ina E o. ane i 
were used, with iin endi Tee ш i in Шү 
six blocks "s ail уйшде i DCDCN aH 4 
DCNCND. 1 ph CNDND d 2 5 ай 
Exp. II m d other respects, the proc ure for 
ntical to that used in Exp. IV 


К ос data from the three group? 
Fig. р pe X the results are shown in 
dictions The tw tests confirm our pre- 
only at T Я пе two suffix conditions differ 
the ise gba serial position (b < 01), 
virtually of the repeated digit being to give 
GEN | erint performance. There were 
Bt tha diferencas in favor of Cond. D 
Were o ru and eight positions, but these 
бав n n y significant at the 5% level. There 
made o difference between, the total errors 
Strate the two conditions. Thus, the 
digi ш of remaining within the class of 
Comp; or choosing suffix conditions but 
cow digits which were or were not 
tria 9 the vocabulary used on any given 
à 507 again, yielded the null result, ог, if 
of (d significance level is thought worthy 
сеа comment, there was marginal 
within for a smaller suffix effect from the 
-class suffix. 


Ех Р 
“Xperiment V 


was compared with 


In E 
n Exp. II, “nought” à 
no difference 


ean! 
ariety of other words and 


- 5 
= 
5 à 
B4 WO'suffix 
=< D Repeat Ist digit 
m DIS 
Es 
Ра 
9 2 
с 
ш 

ul 

1 ES ®* жч у Ж 
SERIAL POSITION 

Fic. 4. The effects of a “0” suffix and a suffix 
which was a repeat of the first digit in the stimulus 
list (Exp. 1%). 


was found between the sizes of the suffix 
effects. It might be argued that “nought” 
was not properly a member of the digit set 
and that the effect of the block presenta- 
tion with the “nought” always in the final 
position would be to further remove it from 
the digit set. In addition, it might be argued 
that in Exp. IV, repeating the first digit 
introduced complications which also in- 
validate any comparison on semantic 
grounds. In the following experiment, we 
anticipated such objections. The stimulus 


materials were lists of words from one of 
two clearly defined semantic classes (ani- 
utensils), and the suffix events were 
the same class or from 


s the to-be-remembered 


mals, 
words either from 
the other class a 
series. 

Method —The stimuli consisted of lists of six 
words drawn from one of two sets of nine: (@) 
animals; BULL, COW, DOG, HORSE, LAMB, MOUSE, 
PIG, RABBIT, SHEEP: (b) utensils: BOWL, CUP, DISH, 
FORK, GLASS, K , SPOON. The ma- 
terials were chosen to yllabic words and so 
that no two word in gan with the same 
initial letter. There were four blocks of 20 lists 
cach, two of the blocks being made up from the ani- 
mal list and the other two blocks from the utensil 
list. Within the blocks there were three suffix con- 
ditions which were randomized. For one-third of 
the lists there was no suffix, for another third of the 
lists the suffix was the animal name “eat,” and for 
the remainder the suffix was the utensil name 
imulus population was up for. 
asked to respond by w g the 
ropriate word. This proce- 


dure was welcomed 
It will have bee е 
sets, we have suffixes which are 


at for both stimulus 
either semantically 
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similar or semantically dissimilar. There were two 
groups of 10 Ss; one heard the animal lists first and 
the other heard the utensil lists first. With the excep- 
tion that male as well as female Ss were used in this 
experiment and also the use of a loudspeaker rather 
than headphones, the other procedural details were 
identical to those in Exp. II. 


Resulis.—The data are shown in Fig. 5, 
pooled so as to reveal the outcome in terms 
of semantic similarity. There were no 
differences between the two experimental 


conditions, both showing the usual suffix 
effect. 


Experiment VI 


The preceding experiments seem to in- 
dicate fairly convincingly that the semantic 
relationship between the items in the list 
and the suffix has no influence on the 
suffix effect. It remains possible, however, 
that other properties of the word used as a 
suffix could influence the data. Thus, while 
we have established that a semantic code 
is not involved in the effects which we are 
interested in, it is still possible that the 
effects are postcategorical, (i.e., the signal 
has been uniquely identified), but prior 
to any semantic look-up procedure. Now 
there are believed to be certain stimulus 
properties which influence the categoriza- 
tion process (in the sense in which we use 
the term). These include the effects of 


7 
-b 
| Semantically Similar Suffix 
Semantically Disimilar Suffix 
4 


ERROR PROBABILITY 


] з 4 5 $ 
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FiG. 5. Data from Exp. V showing the lack of 
effect upon errors of varying the semantic relation 
between stimulus items and suffix. (The conditions 
were randomly applied to lists.) 
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context and the frequency of occurrence a 
the stimuli (Broadbent, 1967; Me 
1964, 1968, 1969) and its emotiona E 
(Brown, 1961; Broadbent & Огей 
1967; Natsoulas, 1965). These propt 
influence the recognition threshold o Е. 
stimuli at the stage which we term categ 2 
zation. In addition, word frequency ie 
variable which affects the extent to Ne. | 
the presence of a word as an irre wit | 
apsect of a stimulus can Intereses the 
color naming the relevant aspect E. the 
stimulus (Klein, 1964). Therefore, ‘alls 
suffix effect is operating postcategorier oca 
we would expect both the frequency Wi. s 
currence and the emotionality of M m 
occurring in the suffix position to exe! 
influence on the recall data. 

Method.—The relevant words wer who 
from Broadbent and Gregory (1967), two 
provide lists of monosyllabic words 0 mil- 
frequency levels (AA and 10-49 рег іну, 
lion) and three classes of emotion? 
High, Neutral, and Low. Nine words ; 
each set were selected and the 54 M: in 
arranged in a pseudo-random sequen 
two blocks of 27. The usual consti n 
applied to the lists used for each cone! 
both within and between lists and B2 
appeared in sequence. Each block che 
preceded by two practice items, am ock 
experiment started with a practice a ex^ 
of 12 lists with two examples of еа© ww? | 
perimental condition. There were e nê 
groups of Ss who followed exactly те те” 

i 


е taken 


procedure giving a total of 27 Ss- "T 
wise, the procedure of Exp. V was fo 88 to 

Results.—There were no different: 1015 
be found between any of the con jene 
taken singly or between the fred" тре 
classes ог the emotionality classes 
data are given in Table 1. 


Discussion of Experiment XIV ow 


[ре 
ч: > 3 3 гай f^ 
This study will be described in deta cor Phe 


H . { r 
One of the independent variables it ! en cs 
(bé 


ated, however, was a contrast eee сё 
words “zero” and "rosy" when used aS” сп t 
in otherwise comparable conditions: ti ns? A 
this comparison is relevent to the que. Ӯ i 
hand and quite independent of the now d 
formation in Exp. XIV, we will report 


ыз 7 
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TABLE 1 


SERIAL POSITION 


Errors MADE IN Ex 
JRS MADE 12 XPERIMENT V JEN BY 
AND POOLED BY CLASS OF D eu. 


Cond. and class 
of suffix 1 2 3 4 5 6 
E 7 8 Total 
боой High 12 46 79 117 138 168 
Neutral High 13 69 от | 108 | 145 | 163 163 | 145 | nn 
` 11 54 99 128 143 174 183 15 oun 
" 941 
alae | 18 62 104 129 129 180 170 
Neutral Low 12 15 78 118 134 173 166 130 870 
10 53 91 118 142 174 165 145 E 
Total High 36 169 275 = = 
e 36 2 353 426 5 5 
al Low 10 160 273 365 405 Br 301 nn 2 
Total Good 30 108 183 246 e 
rot] Go 30 2 267 34 3 
ое! eund p 114 175 226 219 336 330 506 1800 
a 21 107 М. | бв | 285. | 5% шз 305 | 1859 


the t 

wW "^ Sas H "n . 

vo conditions were indistinguishable both 
We were, of course, 


aware х 
е that these two words аге not phonemic 
Crowder & Rae- 


Teve 

Sage of one another (see 

Eros А 1970). However, they 
sly dissimilar sounds. 


Co; ; CS ЯЗ 
tclusions about Semantic Similarity 


Th : 
ere are numerous further experiments one 
effect responds to 


c 
pated EI how the suffix j 
memor nin semantic similarity between the 
further, series and the suffix. We leave this 
ever, Iesse to other investigators how- 
no bts ourselves convinced that there are 
тергей | ects to be found. The experiments 
tic diffe пае failed to discover any 
Which ноа in the size of fix effect 
Bed s be attributable. t 
e re to extrinsic, properties of the 
E Mo this as strong € T 
In spite Ped to any categori P i 
Teason to the evidence being all negativ е1 
to foll or this will become apparent in 
e P where the phenomenon is re E 
Properti Sensitive to variations 17 the acoustt 
les of the suffix. 
Evrrcrs or PHYSICAL DIFF ERENCES 
ia a SrimeLus AND SurFIX 
Чеш we did not expect the шу 
icy ences in the suffix effect due to semar 
in pe abies we would expect that changes 
leag € Physical nature of the suffix WOU 
iter, to diff ces i ec the final 
Sing hin ferences in reca MEC 
exp. b B Bist We had, however, ™ p | 
Pectations as to exactly hich of te 


re to be any 


riables would have an effect 
d not, except a general 
dimension proved to be. 
important, then we would be able to de- 
scribe the phenomena in terms of the 
similarity of the suffix to the stimuli. Thus 
far our notion of PAS is restricted to the 
belief that it is a property of some section 
of the acoustic analysis system, but it has 
not been necessary for us to specify where. 
As long as PAS is precategorical and is 
specifically acoustic, then, as far as its 
position in terms of current theories of 
memory is concerned, it is secure. The 
existence of the suffix effect enables us to 
be more precise, for it is undoubtedly of 
interest whether or not we are dealing 
with a phenomenon specific to the basilar 
one W! 


hich exists centrally but 
for the two ears, Or 


whether 
the two ears 


possible va 
and which woul 
belief that if a 


membrane, 
separately 
inputs to 

in this respect. 


of the Laterality of the Suffix 

s of experiments 

demonstrates is that the information con- 

tributing to the effect with which we started 

(the difference between auditory and visual 

presentation on the final items) is located 
he combina- 


part of the system after t 
ation from the two ears, at à 


intensity has been normalized 
number of other variables 


are treated alike 


Effects 
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In Exp. П, we reported comparing а 


monaural suffix with a binaural suffix 
following binaural presentation of the 
stimulus lists. The difference between 


these two conditions was restricted to the 
last serial position in the list. At this posi- 
tion, the Monaural Suffix condition yielded 
significantly more errors than the no-suffix 
conditions (see Fig. 2). This effect was, 
however, significantly smaller than that 
found with the Binaural Suffix condition. 
From this result, it may be concluded that 
there are two effects of the suffix, one of 
them independent of the location of the 
. Suffix and affecting several of the terminal 
| serial positions (including the last posi- 
_ боп). The other consequence of the suffix 
| varies in strength with the location in 
. auditory space of the suffix element and is 
. restricted to the final list position. We shall 
. return to this distinction in the later sec- 
_ tions of this paper. 


Experiment VII 


The present investigation was directed 
at a simple and straightforward question: 
. Given the memory series has been received 
] in only one ear, what differences are there, 
if any, between then receiving a suffix in 
| that same ear as opposed to receiving the 
. suffix in the other ear? 


Method.—Six groups of four Ss each listened to six 
blocks of 27 stimuli lists, each block preceded by 2 
practice lists and the whole session preceded by 18 
practice lists. There were eight digits in each list. 
The stimulus items were recorded on one channel of 
а magnetic tape and the suffix “nought” 

corded on the second channel. All groups heard the 
lists in the same order, six conditions being created 
by means of external switching gear. The suffixes 
were at the same pitch and loudness as the stimuli, 
The six conditions were as follows: (a) LC: the 
stimulus lists were presented in the left ear; there 
was no suffix; (b) LL: both the stimulus and the 
suffix were presented to the left ear; (c) LR: the 
| stimuli were presented to the left ear and the suffix 

to the right ear; (d) RC: the stimuli were presented 
_ to the right ear; no suffix; (e) RR: both stimuli and 
_ suffix were presented to the right ear; (f) RL: the 
| stimuli were presented to the right ear and the 

suffix to the left ear. Conditions LC and RC were 
control conditions; RR and LL will be referred to 
| as the “ipsilateral” (Ipsi) conditions and RL and LR 
_ as the "contralateral" (Contra )conditions. 


The six groups experienced the six conditions 


was re- 
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according to a Latin-square design. The initial 
practice items demonstrated all the alternative Eon, 
ditions, and the two practice items at the beginning 
of each block were of the same form as the block. 
All Ss were right-handed. к fol- 

In other details, the procedure of this study 10 
lowed that of Exp. П. 


Resulis.—All conditions were compared 
with all other conditions for errors at each 
serial position and total errors using the 
Wilcoxon test. There were no differences 
at the 5% (one-tailed) level between the 
two control conditions, between the NY 
ipsilateral conditions, nor between the e 
contralateral conditions at any serial posi- 
tions. Accordingly, these pairs of conditions 
were combined for presentation. The re- 
sulting data are shown in Fig. 6. The follow- 
ing differences were significant at 1% i 
better (two-tailed) comparing only conor 
tions with the stimuli in the same C: 
Control versus Ipsi, Serial Positions 37 1 
Control versus Contra, Serial Positions i- 
and 5-8; Ipsi versus Contra, Serial | oo 
tions 7 and 8. Examination of the inte 
actions between stimulus ear and conditio 
revealed that the only reliable difference 
(statistically) were that the contralater 
suffix had a greater effect on the left ee 
stimuli at Positions 1 and 6, (p < ot 
Wilcoxon, two-tailed). It does not ee. 
that such data justify any claim to [е 
found laterality effects considering Ч 
number of comparisons which were m4 
and lack of overall difference between." 
two ears. 


^ " 
b Ipsilateral suffit 


ERROR PROBABILITY 
а 
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Contralateral suff 


i Contro! 
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as the 
Fic. 6. The effects of a suffix in the same rd саг 
stimulus list (Ipsilateral) and in the oppo% ditio" 
(Contralateral) compared with a control c9" 

with no suffix (Exp. VII). 
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In addition to the general effects of the 
Suffix referred to above, the behavior of 
the contralateral suffix is similar to that of 
the monaural suffix following binaural 
presentation in Exp. П. The lack of any 
interesting differences between the two 
€ars is not too surprising as the situations 
in which such effects have been discovered 
have involved very careful control of the 
timing of stimuli in the two ears (Kimura, 
1961; Shankweiler & Studdert-Kennedy, 
1967, 1970). 


Discussion 


Our ideas concerning the specific nature of 
AS have, up to now, been restricted to sup- 
Dosing that it is a consequence of the nature of 
50me part of the nervous system whose func- 
jon is to analyze acoustic signals and trans- 
m such inputs to a form in which they can 
De processed by mechanisms which can also 
accept inputs from other sources. This is the 
Orce of the “acous c" part of PAS. The ex- 
Periments reported above on the effects of the 
aterality suggest two broad possibilities. 
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We can imagine, to start with, that the 
Acoustic Analysis System comprises three 
parts, one specific to each ear and one common 
to the two ears. Information concerning the 
final item(s) of an acoustically presented list 
under conditions of serial recall could possibly 
be obtained from any or all of these three parts. 
If the stimulus were monaural, then two of the 
sections would be involved in its analysis— 
that part specific to the stimulated ear and the 
part common to the ears. This state is indi- 
cated in Fig. 7a. An ipsilateral suffix would be 
processed by the same two parts and would 
thus affect all the available PAS information. 
The result would be the typical "visual" curve 
—with very small recency effects—as shown in 
the top, Binaural graph in Fig. 6. А contra- 
lateral suffix, on the other hand, would only 
affect that part of the system which was com- 
mon to the two ears, leaving the ear-specific 
part of the system intact; as indicated in Fig. 
7b. We would thus expect that the contra- 
lateral suffix would produce a decrement com- 
pared with the control condition (owing to the 
information in the common part) but 


loss of i 
would not have as great an effect as the ispi- 


ral suffix (since the information in the ear- 


late 


(9 


Effect of 
Contralateral 
Suffix 


Effect of 
Monaural 


Suffix 


from the two cars. 
{ the cars and one 
propriate stores as 
respectively. The 
sses through ; this 
ts for the data of 
x would eliminate 
an ipsilateral 


cific for each ol 


This accoun 
a binaural suffi 
as much effect as 
falsified in Exp. VIIL) 
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specific part of the system would be unaffected). 
This would account comfortably for the data 
shown in Fig. 6. 

With binaural presentation, all three parts of 
the system would be involved as shown in Fig. 
7c. A binaural suffix would then affect all three 
parts leaving no information in PAS, A mon- 
aural suffix, however, would only affect that 
part of the system which was specific to the 
ear being stimulated together with the common 
part, leaving the other, ear-specific part un- 
affected. This is shown in Fig. 7d. Thus we 
would obtain the result described in Exp. II. 
Chronologically, Exp. VII was performed be- 
fore Exp. II, the latter being, in part, a test of 
the model just described (see Morton, 1970). 

One condition which had not, at the time, 
been presented, was the case of a monaural 
stimulus followed by a binaural suffix.! In the 
model described above, such a suffix would 
have the effect of eliminating all the PAS in- 
formation since it would be 
ipsilateral suffix plus additional stimulation in 
the other ear. Thus we would expect a bi- 
naural suffix to have the same effect as an 
ipsilateral suffix, recall of the last item for both 
of these conditions being inferior to that with 
contralateral suffix, 

On an alternative model of the process, a 
totally different prediction can be made. This 
is a model based on Broadbent's (1958) filter 
model and by analogy with the results on 
selective listening (Treisman, 19642, 1964b). 
In such models, there is a point in the proce. sing 
of stimulus information where particular 
channels (specified, for example, by spatial lo- 
cation) may be accepted or rejected, In terms 
of a filter model, PAS information may be lo- 
cated either before or after the filter, 
case, however, the model would predi 
binaural suffix would have less effect 
а monaural stimulus than w 
suffix since binaural specifies a di 
from monaural, PAS could 
the filter, since the binaural 
some sense, be stored separ. 
naural stimulus and would 
If PAS information is retr. 
selection mechanism, then w 
suffix which is not ipsilate 
out. The comparison of a binaural suffix with 
ipsilateral and contralateral suffixes following 
monaural presentation then becomes a crucial 
test between these two models of the processs, 


equivalent to an 


In either 
ct that a 


€ Сап assume that a 
ral can be selected 


* We are grateful to D. W. 


: J. Corcoran for point- 
ng out this rather obvious o : 


mission. 
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Experiment VIII 


e the 

This study was designed to compare te 
effects of a binaural suffix and those Me 
ipsilateral suffix following monaural pre 
tation of the stimulus list. | 

ina 

Method.— Three conditions were employed, e 
of which the stimuli were played to the AE each, 
The stimuli, six blocks of 18 lists of eight digi hanne 
were recorded on one channel of a woe a " 
Vortexion tape recorder, and the suffix Peteril 
wi recorded on the second channel. ids the 
Switching and mixing gear were used to pes 
following three conditions: (a) Ipsilateral te t there 
the intensity of the suffix was adjusted so t em the 
was no perceptible change of loudness betw с (С) 
stimuli and the suffix. (b) Contralateral Wem the 
the suffix was presented to the left ear at np (B) 
same intensity as in Cond. I. (c) Binaural 51 tensi 
—the suffix was presented to both e the i bove 
in each ear being exactly the same 
conditions. "This meant that the loudn 
binaural suffix was greater than the loudn 
other suffixes. 

There were three goups of four де вап, 
group listened to the blocks of stimuli in t dint 
order but the suffixes were presented део а u 
two 3 X 3 Latin squares. Otherwise, the pr 
was the same as that used in Exp. II. 


Results—The data аге presented 
Fig. 8. In this graph, the data ony 
the groups have been pooled. The con^ 
curve, included for guidance only, i9 
mean of the control curves from other 


ERROR PROBABILITY 


ad 

aur al ve 
; p 

"m 08 8; 


TE 
sentation in Exp, VIII, (The effect E suffi be 
suffix being less than that of an ipsilatera! $! ау id 


rve isan ui 


di {ог ё 


ONE 


^ 


THE STIMULUS SUFFIX EFFECT 


periments, encompassing over 4,000 ob- 
Servations from 99 Ss. Wilcoxon tests 
revealed no significant differences be- 
tween Cond. C and B even at the 596, two- 
tailed level, at any serial position. Ipsi- 
lateral Cond. I was significantly worse 
than the other two conditions on the final 
Serial position and overall (p « .01, two- 
tailed) and also significantly worse than 
the B condition at Position 7. 

This result means that the first of the 
models proposed above (and in Morton, 
1970) must be rejected, and we must con- 
Сиде that PAS phenomena are due to 
Processes which operate after the combina- 
tion of information from the two ears, 
though, of course, the "channels" remain 
Separate, It might be noted that the result 
of this experiment constitutes a very 
Strong falsification of the rejected hypothe- 
Sis. If the binaural suffix had produced a 
8reater effect than the contralateral suffix, 
it could have been argued that this was 
because the binaural suffix was the louder, 
and as such more difficult to reject at the 

Iter. This is the result one would have 
€xpected by analogy with the results in 
elective listening (Treisman, 1964a). As 
he binaural suffix—in spite of its greater 
Oudness—did not have a greater effect 
than the contralateral suffix, we have three 
Possible assumptions in this experimental 
‘tuation with regard to the processes con- 
"ibuting to PAS: (a) that the loudness of 
ү Stimulus is ignored and so must be coded 
П digital fashion prior to the location of 

S, the stimulus iteslf being thus nor- 
malized; (b) that a binaural stimulus is 

tagged” as having an intensity appropriate 
in One of the ears only. In this case, the 
‚ ormation which gives rise to a subjective 
e Pression of increased loudness must be 
on tated from the coded suffix; (c) that 
s dness is itself a cue upon which selec- 
i Or rejection can be based. If this bii 
Je the case, then the binaural suffix m 
Su having less effect than if it were equa" 1n 
Cness to the stimuli. 


T 


po н 
Yberimeyt IX 
was to check 


The purpose of this study : 
ble artifacts 


ара; k 
Sainst some of the possi 
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mentioned above. In particular, the role of 
intensity was examined in a design other- 
wise identical to Exp. VIII. 


Method.—The procedure, materials, and condi- 
tions were all identical to those used in Exp. VIII 
except that there were the following six suffix con- 
ditions: (a) Ipsilateral (1)—suffix same loudness as 
the stimuli; (b) Zpsilateral4- (I--)—suffix presented 
at 3.75 db. greater intensity than in I; (c) Contra- 
lateral (C)—suffix in opposite ear as stimuli at same 
intensity as I; (d) Binaural (B)—suffix presented to 
both ears at same intensity as in I and C; (e) Bi- 
naural— (B—)—suffix presented at intensity 3.25 
db. lower than in Cond. B. At this level, the suffix 
was judged as being at about the same loudness 
level as the stimuli; (f) Binaural+ (B+)—suffix 
presented at 3.75 db. above the level in Cond. B. 

The changes in intensity were achieved by means 
of a gain control on the tape recorder, the accuracy of. 
settings being better than + .25 db. Six groups of 
four Ss listened to the stimuli with the suffixes being 
presented according to a 6 X 6 Latin square design. 


Results —The data are shown in Fig. 9. 
There were no statistically significant dif- 
ferences at the 1% level in the number of 
errors made between the two I conditions, 
among the three B conditions, or between 


o Ipsilateral 
о Contralateral 
& Binaural 
Ф No Suffix 


Rotio Suffix / Stimulus Intensity 
-325 db 
Odb 
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Fic. 9. An examination of the interaction of the 
arent spatial location of the suffix and its intens- 
i (Two Jevels of intensity of the ipsilateral suffix 


o 1 2 


ШУ, b. with respect to the 
ү sed (0 db. and 3.75 db. wi р! 

ошау intensity levels were used for the 
aie $5 db., 0 db., and 3.75 db.) and 


binaural suffix ( 
one (0 db.) for ti 
no reliable effect 
control curve is tal 


he contralateral suffx. There were 
s of intensity (Exp. IX). The 
ken from other experiments.) 


TABLE 2 


RESULTS ОЕ WiLCOXON TESTS IN 
EXPERIMENT IX 


Cond. 
Cond. 
B- | 5| Bt | с 
I 7, 8, T. 8 8, T. 7,8; Te 
I+ 6, 7, 8, T. 8 G8, T. 8) T. 
| 


Note,—The numbers indicate the serial positions at which the 
I conditions showed more errors than the other conditions 
(p < .01, one-tailed). T refers to total errors. 


the B conditions and C except for a slight 
increase in the number of errors on the 
initial position in Cond. B (B vs. C being 
the only difference which reached sig- 
nificance). The two I conditions differed 
from the other conditions as shown in 
Table 2. These data confirm the results 
of Exp. VIII and also indicate that the 
loudness of the suffix with respect to the 
stimulus is not a factor of importance in 
the suffix effect. (This latter conclusion 
will be discussed further below.) There is an 
interaction effect apparent in significance 
levels given in Table 2 such that the 
advantage of the B condition over the I 
and I 4- conditions is less than that of the 
В + and B — conditions for total errors 
and Serial Positions 6 and 7. This indicates 
that the binaural suffix has a greater effect 


Right ear Left eor 


Visual input 


Ipsilateral 


Binaurol [Contralateral] Input Buffer 
se Store 


(0 Selection 
Mechanism 
Post-selection 
processes 


Logogen System 


Fic. 10. A possible flow di 
in the case where the stimulus list is Presented mon- 
aurally to the right ear. (The logogen system (de- 
scribed elsewhere Morton, 1969, 1970) is the Point at 
which information from visual and acoustic stimul; 
tion converges, Since there was no visual, 
interactions with suffix ex eriments (Crow, 
Morton, 1969; Morton а Holloway, 1970) DAS 
must precede the logogen system. The possible js 
cation of PAS is discussed in the text.) à 


agram of information 


a- 
acoustic 
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when its intensity in each ear is the same 
as that of the stimulus list as was the a 
in Exp. VIII. This is a small effect, howl 
(as there are no significant differences ata d 
between B and B + or B and B =); an 
one which does not find any equivelens 
with the ipsilateral suffix. It might Nw. 
that intensity is a cue whose effect 15 A 
small to be seen in isolation but which ы 
teracts with another cue (laterality) zi 
produce a visible effect. Further exp? 
ments will be required to decide this us 
It is quite clear, however, that loudn EE 
is not a significant factor on PAS either 10 
а selection cue (in which case we | 
have expected B and B +, which lect 
louder than the stimuli, to have less M 
than B — or C), or as an attention-gct ect 
variable (in which case we would expa 
B + to have more effect than B or B 


AS is 
Discussion —Having concluded that o. 
à property of processes which follow the ji 
gration of information from the two ae! 
now have to decide, in terms of the ™ n is 
shown in Fig. 10, whether PAS informat. im. 
located before or after any selection mechani 
The two possibilities may be summarize 
follows. 


a 


1. PAS information is located in the 1 
buffer store. If the buffer store segregates пе 
formation from different locations, then Vna 
an ipsilateral suffix overwrites PAS infor je 
tion, a suffix with a different spatial orig! une 
from a different channel, will leave PY. rer- 
disturbed. This would account for the Ü 
ence between the ipsilateral and the affect 
suffixes. The fact that there is a suffix alt of 
in the B and C conditions would be a ree vent 
incomplete separation of stimuli from i 
sources in the buffer store. А 

2. PAS information is located in phe 
selection processes. The difference Р© 
the ipsilateral and the other suffixes WOU o 
be due to the selection system being set qu n 
laterality of the stimulus list and guns ed 
items on another channel being “atten su 
(cf. Treisman, 1960). The extent of the ould 
effect with suffixes on other channels sele^ 
then be an index of the efficiency of the ” 
tion mechanism. oth 


t 


08 
P ой 


J! 

3. PAS information might be located jo 
in the buffer store and in the post S сно" 
processes. In this case, the above reS 
would operate together. 
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Experiment X 


—_ experiments described above, Ss 
ine deae from whence the suffix would 
They ado - can reasonably be assumed that 
effect гаре a strategy to minimize its 
ES x A iem thus be a further assump- 
to iuda e bove discussion that it is easier 
Ge i a suffix on a different channel 
Current Paige (by maintaining the 
suffix digi setting) than to exclude a 
Ше. select he same channel (by switching 
trying to SE to some other channel or 
ip exclude any input). 
eniin p property of the postselection 
increase - then it should be possible to 
tralater: 1e effects ofa binaural or a con- 
to the - juif by keeping S uncertain as 
EB e on which the suffix. will be 
rejected {ешш that the location of a 
relay » hannel must be specified) or by 
ing = E process the suffix before start- 
Cases fiac the stimuli. In both these 
Suffix à ad difference between the ipsilateral 
on d no the others should be reduced. If, 
Derty кч hand, PAS is entirely a pro- 
Mental the buffer store, then such experi- 
erence pg ea should make no dif- 
different o the comparison between the 
the Site ы с In the present experiment, 
аг, the | occurred at random on the right 
e left ear, or binaurally. 


Me 
mena Tie stimuli, lists of eight digits, were 
1хеѕ uo the right ear and the intensities of the 
Were io ere determined as in Exp. VIII. There 
"ere zr blacks of 29 trials of which the first two 
Pract; scored. The test stimuli were preceded by 
as P e trials for which the channel of the suffix 
respects randomized. There were 17 Ss. In other 
or бер! a procedure was the same as that used 


are shown 


‚ Res, P 
esults—The averaged data \ 
ata which 


Weed together with control data 
iffere ken from several other experiments. 
ith e among conditions Were tested 
Ontr, hs Wilcoxon test. The Binaural and 
TS OO sages _conditions were indistin- 
Su Бу le statistically. The Contralateral 
the condition differed significantly from 
an ү а condition at Positions 2, 5 
"he pied also for total errors (р < · 
Signig inaural condition, however, Was not 
cantly different from the Ipsilateral 


w 
` 
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Es ANN 
zi plate Suffix 
$4 Ñ 
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c ‘ontralateral 
Es uffix 
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Е. X 
*Control 
ГО а 4 5 ogee 
SERIAL POSITION 
Fic. 11. The effect on errors of suffixes occurring 
1 з al locations at random (Exp. X). 
(The differences between the Ipsi condition and the 
other two are reduced compared with Exp. VIII in 
which Ss always knew the suffix location (cf Fig. 8). 
The control curve is taken from other experiments.) 


in three spati 


evel, the difference be- 
tween these reaching only the 5% level 
at the last serial position (two-tailed). On 
more detailed examination, this turned out 
to be a consequence of two Ss' perform- 
ance, and a sign test showed the Binaural 
condition to be sharply better than the 
Ipsilateral condition for the last position 
(p < .004). Thus, we are not prepared to 
conclude that there is not a difference be- 
tween binaural and ipsilateral suffixes under 
the conditions of this experiment. 


condition at this 1 


The Effects of Random Suffix Positions 
of the data in Exp. УШ 


and X (Fig. 8 and 11) will enable us to 
draw some conclusions as to the effect 
of the spatial location of the suffix being 
unpredictable. There are two effects visible: 
an overall increase in the number of errors 
and a reduction in the difference between 
the Ipsi and the other two conditions. As 
there are wide differences in ability be- 
tween Ss within each experiment, Mann- 
Whitney tests are rather weak, but con- 
firm the visual impression, yielding sig- 

between the experi- 


rial position for both 
the B and С condi- 
r the I-B and I-C 


A comparison 


differences (2 < .05) 
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From this result, we conclude that in 
terms of the filter model, at least a large 
part of the PAS information is located after 
the selection mechanism. Otherwise, we 
would not expect the suffixes on different 
channels to the stimulus to have a greater 
effect as a result of unpredictability in 
suffix positions. In terms of the average 
error rate, there is also a suspicion that 
the number of errors made on the ipsilateral 
condition was greater in Exp. X. This 
difference could not be tested adequately 
owing to extent of the inter-S variance 
(from 24 to 186 total errors for individual 


Ss in Exp. X and from 31 to 179 in Exp. 
VIII). 


Effects of Suffix-Prefix 


In the next two studies comparisions 
were again arranged among ipsilateral, 
binaural, and contralateral suffixes. The 
difference in procedures from Exp. VII-X 
was that in Exp. XII the suffix had to be 
processed by S. The increase in informa- 
tion-handling requirements by Ss required 
moving to lists of seven digits rather than 
eight; otherwise, too many errors were 
made in recall. The suffix elements used 
were either the word “tick” or the word 
"cross," the choice for any given seven- 
digit series being determined randomly. 
In Exp. XI and XII, the suffix occurred 
at a random spatial location (ipsilateral, 
contralateral, or binaural) throughout. In 
Exp. XI, the suffix had to be ignored; 
in Exp. XII, S was asked to respond ap- 
propriately to the suffix before beginning 
recall (i.e., to write either a tick Or à cross 
on his answer sheet before writing the 
digits). In spite of the loss of statistical 
power, we did not feel that we could use 
the same Ss in both experiments owing to 
the danger of asymmetric transfer effects, 
In both experiments there were four blocks 
of 29 items preceded by 16 practice lists, 


Experiment XI 


Method.—The procedures and materi. 
ilar to those used in Exp. X above. 
conditions were Binaural Suffix, 
and Contralateral Suffix; 20 Ss w 
groups. 


als were sim- 

The three 
Ipsilateral Suffix, 
ere tested in four 
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ERROR PROBABILITY 


\ Control 


) Sh a uw 6-7 
SERIAL POSITION 


Fic. 12. The errors found in Exp. XI due pde: 
of the words “Tick” or "Cross." (These da cont 
firm those of Exp. X (Fig. 11) and act as а aid or 
for Exp. XII (Fig. 13). The control data iments 
guidance only, being taken from other exper! 


, suffix 
con- 


8 + *hese 
Resulis.—The error probabilities ЦЫ E 
three conditions are shown in Fig. 12. i 
control data were taken from other €X nly: 
ments and are there for guidance Тепсе 
Wilcoxon tests permitted the py. di- 
that performance in the Ipsilateral E the 
tion was significantly worse than Ја 
other two experimental condition$ г. 
Serial Positions 5, 6, and 7, as well as 


1 
total errors (р < .01, two-tailed). the 
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Fic. 13. Data from Exp. ХП showing ich пе 
caused by a suffix (“Tick” or Cross") Vw of nef 
to be responded to as a prefix before g” m 0° 
stimuli. (The control curve was taken f" 
experiments), 
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15 suggested between list length and the 
differential effects of the suffix such that 
with the shorter lists (and the same popula- 
tion of Ss, though not the same indi- 
duals) the difference between the Ipsilateral 
condition and the other two is greater on 
the final serial positions than with the 
longer lists used in Exp. VIII. Comparison 
of the size of the effects of the ipsilateral 
Suffix with different list lengths would be 
impracticable without a much more de- 
tailed model of all the processes involved in 
the recall task. 


Experiment XII 
p ий. АП details were identical to; those ш 
Ж preceding experiment except that RES E) 
spond with the suffix (either "tick" or "cross 
аз a prefix before recalling the digits. Seventeen 
5 were tested. 
Results —The error probability scores are 
Presented in Fig. 13. 
The only significant difference among 
Conditions was at Position 3, where per- 
ormance was better following the ipsi- 


а suffix than following the contra- 
ateral suffix, and at Position 7, where 
x was 


Performance after the ipsilateral suffi 
Worse than that following the binaural 
Suffix. This result suggests the hypothesis 
that when S is required to process the 
Suffix the difference between channels is 
Teduced, This impression is confirmed by 
the results of a Mann-Whitney test shown 
1n Table 3, which shows those serial posi- 
tions at which the difference between con- 
itions is reduced. This table shows that 


the differences between Ipsi and the other 
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Binaural and Contralateral Suffixes. It 
should be noted that the tests of differences 
between Exp. XI and XII are highly 
conservative. If ratios of error probability 
were used instead of differences, the serial 
position effect of the change in procedure 
would be emphasized more. Even without 
such a test, we feel confident that there is 
sufficient evidence to justify the claim that 
the comparison of Exp. XI and XII sup- 

orts the conclusions from the comparison 
of Exp. VIII and X that PAS information 
is located after the channel selection. Only 
in this way can one account for a differen- 
tial effect of forcing Ss to process the suffix. 
The overall error rate is higher in Exp. 
XII than in Exp. XI as a consequence of 
the added Prefix operation. 


Effects of Noise and Vocal Differences 


Experiment ХІІ. I 

We have shown in the first section that 
in a large number of situations the semantic 
properties of the stimulus suffix make no 
difference to the degree of performance 
failure occasioned by suffix persentation. 
In the section just concluded we have shown 
that spatially defined channel separation 
of the stimulus from the suffix can reduce 
the magnitude of the effect. It now remains 
to explore how physical properties of the 
suffix other than spatial location can 1n- 
fluence the suffix effect. 

Experiment XIII was designed to test 
our early conjecture (which now seems 
naive) that nearly any sound would produce 
a suffix effect; this conjecture presupposes, 
of course, that PAS is more peripheral than 


Condition, d t the later t 

ced more à I 

Serial ut dap result indicates a several of the above studies have given 

relative increase in the suffix effect of the cause to believe. Control series of nine 
TABLE 3 


тхЕҮ U STATISTIC: COMPARING 


ExPERIMENTS XI AND XII 


VaLuEs or MANN-WHI 


Serial position 


Difference compared : Я E " 5 $ d 
* 92** 
8 3 108.5 88** 94.5* 65** 
Ipsilateral-Contralateral 135 ЫТ 124.5 152.5 68*** 96* us 
Psilateral-Binaural 167.5 
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digits were compared with four experi- 
mental conditions. The latter were arranged 
as a 2 X 2 factorial design; one factor was 
whether the suffix event was a spoken 
"zero" or a burst of random speech noise 
and the second factor was the intensity of 
the suffix. 


Method.—Ten S: 
ent days, each ses 
trials. 


served for two sessions on differ- 
n consisting of five blocks of 20 
Conditions (Control, Soft "Zero." Loud 
"Zero," Soft Noise, Loud Noise) were assigned to 
blocks according to two Latin squares (one for each 
day) such that first-order sequence effects between 
conditions were completely balanced. Two lists of 
100 nine-digit stimuli were used, onc list being used 
on Day 1 for half of the Ss and the other list on Day 
2 for the remaining Ss. 

All stimuli were read at a 2 digits/sec rate with the 
suffix arriving in time with the memory series. In 
the Control condition, no suffix was presented. In 
the two "Zero" Suffix conditions, E recorded the 
word "zero" following the last memory element such 
that in the Soft condition the intensity was the same 
as for the digit list and such that in the Loud condi- 
tion the suffix intensity was subjectively twice as 
loud as the digit series, Subsequent measurement 
showed peak intensities of the Soft "Zero" to be the 
same as the memory series (around 66 db.) and the 
Loud “Zero” to be at around 85 db. In the noise 
conditions, a burst of white noise (actually a broad- 
band noise signal designed to cover approximately 
the same bandwidth as average human speech) was 
presented at the same time and for the same duration 
as the "Zero" Suffix. Subsequent measurement of 
of these noise signals showed the Soft Noise to be 
80 db. and the Loud Noise to be 90 db. Thus, it 
should be remarked that according to SPL readings 
the design of this study was not factorially pure— 
both noise signals were substantially more intense 
than the normal speech conditions. However, we 
felt it more important that the subjective loud- 


“a Soft zero 
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Fic. 14. Data from Exp. XIII showing that a non- 
speech noise gives no suffix effect. (The difference 
between "Soft Zero" (where the suffix was of equal 
loudness with the stimuli) and "Loud Zero" is prop- 
erly to be attributed to differences in voicing not 
intensity.) 
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nesses be matched with some care. In calibrating e 
noise suffixes, the subjective criterion applied wa 
that the soft noise should sound equ: loud as E 
intensity of the to-be-remembered digits (and v. 
equally loud 5 the Soft "Zero" condition) and thé 
the Loud Noise be twice as loud. 


Results —The results are shown in "n 
14. The most striking finding is that W hi r 
both conditions in which a speech d 
was used as the suffix caused a suffix Де 
there was none whatever when the p 
speech noise was used. Overall, the oem 
noise conditions (which did not differ ії т 
one another either in total errors ОГ s. 
errors on Positions 7 and 8) occasioned то 
errors than the control condition, 7 “rhe 
р < .019; however, it is obvious from oa 
figure that this was not a selective imp* d 
ment. If the noises affected PAS, we pits 
expect a large decrement on the final se! 
positions. р 

The data of Fig. 14 provide an emp! hey 
contradiction with Exp. IX in that zi a 
appear to show that the Soft “Zero W^ n, 
more effective suffix than the Loud Wu 
For Positions 7, 8, and 9 combined, t? 
difference between the two speech | 3 
conditions was marginally nonsignific 
(b « .055 by sign test); however, iet е 
last serial position, the difference reach 5, 
satisfactory levels of confidence, T = we 
p < .042 and р < .011, by sign test- the 
now believe this result is an artifact of n 
method used in the present experiment. in 
particular, E effected the variation in 
suffix intensity here by simply spe?* 
louder (nearly shouting in fact) wher ion 
was recording the Loud “Zero” condi ft 
than when he was recording the dure 
"Zero" condition. This shouting proce yore 
probably entailed variation in much e 
than intensity alone—pitch differe" 
constriction of the vocal apparatus, 5 До 
differences, etc. As we shall describe P as 


Б ; : k 
in some detail, our subsequent МОГ 


rical 


е 


Jarg? 
ee аге, 
indicated these factors to bé e axper” 
probable importance in the suffix XP” jn 


ment. Finally, since intensity along by 
Exp. IX (where it was properly жа расЁ 
adjustment of the gain control on ИТИ 
equipment) was not an effective pden” 
minant of the suffix effect, we are oe ы 
in attributing the present differe” 


2 


"t 
— чт ич 
C -————— I t балаа 


factors confounded with the present ma- 
nipulation of intensity. 


Experiment XIV 


E the preceding experiment, we have 
vant oot a that the set of sounds which 
Ern be uce a suffix effect does not in- 
е м ye of noise. Knowing from the 
(om ác. , Studies described above that 
[ ity is a factor in the suffix effect and 

owing also from the first group of ex- 
ү ее that semantic factors do not 
dence the suffix experiment, a correspon- 
and sl Е research on selective attention 
Тү Ка со, is brought into sharp relief. 
ечи been established in such experi- 
A iii when the rejected message 15 1N 
- : erent voice from the shadowed 
B adr the number of errors made in 
ad is greatly reduced. (Treisman, 
We a). Accordingly, we might expect that 
th hen the suffix is in a different voice from 
efie memory series, it too will have less 
en The logic of this prediction is quite 
ES one considers that S's task in the 
wa experiment is to gnore the suffix (an 

uction we occasionally use). 

p. XIV was exactly 
The five con- 


1 condition (no 
ation of suffix 


sx Md The method in Exp: 

ions s as that used in Exp. XIII. 

suffix) ae formed by the Contro 
Word and a 2 X 2 factorial combin t ] 
lowin (cither zero" or "rosy"—see discussion fol- 
Vota Exp. VI above) and suffix voice. The suffix 
igit um varied as follows. The to-be-recalled 

Same NS were always read in a male voice; in the 
the s oice condition the suffix also was presented in 
ame male voice, but in the Different Voice 
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Hie ae 15. The effect on errors ofa 
same (male) voice and a differen 


E 
as ^ s и 
| the stimuli. (In the control condition there W 


suffix spoken in 
t (female) voice 
as 
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20 suffix Exp, XIV.) 
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conte the suffix was presented in a female voice. 
en Ss were used. 


Results.—Figure 15 displays the main 
data in terms of error frequencies for the 
conditions collapsed across suffix word 
(since, as was observed above, the latter 
variable had no effect whatever). The major 
findings were that (a) both suffix conditions 
produced significantly more errors than the 
control condition, Г = 0, p < .005, for 
the same-voice suffix and, T = 10, p = .042 
for the different-voice suffix, and (b) fhe 
same-voice suffix was significantly more 
detrimental to recall than the different- 
voice suffix, T = 0, p< .005. Although 
these inferences are based on total errors, 
it is obvious from the figure that the effects 
are occurring at the last few serial positions. 
This is confirmed by an analysis of the 
ial positions, the differences at 
Position 9 being greater than those at 
other positions for all comparisons. Thus, 
a shift in voice quality between the stimu- 
lus channel and the suffix channel pro- 
duces a result quite comparable to the 
shifts in laterality channel studied in 
several of the experiments above. Both 
yield an attenuated suffix effect. 


separate ser 


Experiment XV 


This study was designed to complement 


Exp. XIV in showing that inherent dif- 
ferences between male and female voices 
were not responsible for the effect shown 
in Fig. 14. Thus, in the present experiment, 
the stimulus lists were read by a female 
voice and the suffix presented either in 


the same voice or in à male voice. 


Method.—The stimuli were lists of seven digits 
presented in a female voice. The Ss received two 
blocks of 29 digit lists in which the condition varied 
at random between a same (female) voice suffix and 

and a male-voice suffix. 


a different female-voice suffix 
The stimuli were played over a loudspeaker to 17 Ss. 


All the other procedural details were the same as in 


Exp. VII-XII. 


Results —The pooled data are shown in 
16. Wilcoxon tests showed that the 
„voice suffix was different 
7 from the other female 
and from the male-voice 


Fig. 
effect of the same 
only at Position 
voice (p < -05) 


ES 


Another female 
voice suffix 


Ex] 


Male voice suffix 


ERROR PROBABILITY 
eu 


l C HR EES ONE 
SERIAL POSITION 


Fic. 16. Data from Exp. XV showing that with 
the stimuli spoken by a female voice, a suffix in the 
Same voice causes more errors than a suffix in a 


different female voice. (A male-voice suffix has even 
less effect.) 


suffix (p < .01). The (nonsignificant) ad- 
vantage for the Same-Voice condition at 
Positions 4 and 5 is probably attributable 
to grouping effects and serves to emphasize 
the decrement at the final serial position. 
Thus, the previous result is confirmed and 
generalized to either relation between the 
male and female voices, and to differences 
between voices of the same timbre. 


Experiment X VI 


Given that the difference between male 
and female voices and differences 
female voices lead to diffe 
effect of the suffix, it is also 
see whether differential effe 
found when the pitch or 
suffix was varied. 


Method.—In this experiment, there үү 
ditions each involving 18 seven. 
stimuli were recorded in a femal 
conditions are as follows: (a) Sam 
suffix in the same voice as the sti 
ent pitch, about a third higher; ( 
Was recorded in two other female Voices, one 
American and one English; (e) and (f) two male 
Voices were used for the suffix, American and 
English, respectively. There were three groups of 
four Ss who heard the conditions in the orders; 
531462, 162534, and 425613, respectively. Other- 


wise, the method was the same as in the Preceding 
study. 


among 
rences in the 
of interest to 
cts could be 
accent of the 


ere six con- 
digit lists, The 
e voice. The six 
e-Voice suffix; (b) 
muli but at a differ- 
c) and (d) the suffix 


Results —The only significant differences 
among any of the conditions occurred in 
the final serial position, The same-voice 
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suffix produced the greatest effect, ee 
significantly different from the other i 
female voices (р < .02 and p < 05, he 
tailed), from the same voice with айе 
pitch (р < .02) and from the two mae 
voices (p < .01 in both cases). This ге e 
confirms the previous ones and adds A 
fact that the pitch of the voice appear а 
be a feature which can be used by d 
selection mechanism. The lack of авиа 
tion between the accents might be peca 
a single word “nought” carries insuffic! 
acoustic cues to signal the difference. 


Experiment X VII 

ferent 
ducea 
educe 


Having shown that a suffix of a dif 
pitch from the memory series has a ге 
effect, we ought now to be able to r n 
that advantage by presenting хс а 
different pitches at random in wes 
way that laterality effects were Men in 
by random conditions of presentatio 
Exp. X. 


Method.—All details of method were ord 
in the preceding study. Three levels of pi mu 
used, one the same as the stimulus, one d 
third higher, and a third pitched a thirc (sc vei" 
There was a single block of 51 scored trials sew 
digit lists) preceded by practice items. Thes! 
played to a single group of 14 Ss, 
m : veen 

Results —The only differences be 
the lists were between same and d the 
pitches on Position 5 (p < .05) an 


lower pitch suffix caused fewer total #105). 


than the upper pitch suffix (P p^ at 
These unpredictable differences can doml¥ 
tributed to chance. Thus, with a ran e n? 
varying pitch of the suffix, there We" 
ifferences germane to the suffix effect 


GENERAL DISCUSSION it? 
А b 
Let us now summarize our conclusio forts 
respect to PAS. In the Crowder an trate 
(1969) article, we claimed to have demons" nich 
the existence of an information шо visu? 
gave a special advantage to auditory ОУ© Th 
presentation for the final items in à list: ion a 
advantage was removed by the presen h a 
à stimulus suffix, a redundant item Br", ate 
not have to be responded to. The PS", 
information store, PAS, could be placet 
related to other information-processi? 


KA 


^ 


THE STIMULUS SUFFIX EFFECT 


uas. the context of a more general model 
eee mon processing, the logogen model 
this ee 1969, 1970). It was predicted from 
Of the ОВ el that the intrinsic characteristics 
nel Eh sult should be irrelevant in determin- 
П-у ie size of the suffix effect. Experiments 
dictos. the present paper confirmed this pre- 
ru with respect to meaning, frequency of 
puc Ro and emotionality. Crowder and 
A urn (1970) also showed that reversed 

peech yielded a suffix effect. 
үле later experiments reported above have 
es variables which do bear on the 
Il of the suffix effect. Experiments VI and 
m together with one comparison from. Exp. 
canes that of the apparent spatial lo- 
Simul of the suffix differs from that of the 
nt us list, then its effect is reduced. The 
ME ve that a suffix presented to both ears 1s 
em alent to a suffix presented to the opposite 
eo the stimulus list established that the 
ae operates after the combination onan 
Econ to the two ears. Experiment M Ill 
sul ed that there were no artifacts in this re- 
t which could be ascribed to the loudness of 


the suf T k x 
€ suffix with respect to the stimuli. 
oice characteristics 


XII-XIV, in 


0 ae importance of the v 
Which suffix were shown in Exp. 
suffix. it became apparent that the less, the 
le 5 resembled the stimuli, in timbre or pitch, 
үе the decrement in recall. 
suffix have also claimed that a large part of the 
ting vin can be attributed to events occur- 
tviden ter some attention mechanism. Our 
su mte for this is that the differences between 
Char. es can be reduced either by making their 
acteristics unpredictable (Exp. IX vs. 
bitch) s location and Exp. XIV уз. XV for 
befor or by forcing Ss to process the suffix 
X) г recalling the digit string (Exp. XI vs. 
Ced t might be noted here that the latter pro- 
Ure did not succeed in producing an effect 
to Sual suffix on an acoustic stimulus or vice 
suj è (Morton & Holloway, 1970). This re- 
t was also in accordance with the underlying 
носе Which asserts that prior to categorizar 
isme there is no overlap between the mechan- 
5 Involved in processing the two modalities. 
Te regard PAS as just one of a number of 
tace E noe stores which can be used ka = 
Veale i of an investigation into memory. ttr d 
© ге itself maximally when Ss are сш 
ion сап the stimuli in their order of po a 
both w here the contribution of PAS as 5 ae 
the ane the visual-auditory comparison anc Я 
We ects of the suffix are large and consisten" 
have, however, also shown that it plays а 
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role in the running memory span (Crowder & 
Morton, 1969, Exp. II) and in a design where 
S had to recall but one item, being given all the 
ami uh ed Re In these experi- 
smaller than in ie Е. tie 1 de oed 
on AT ys recall design (but no 
а g to the presence of other 
sources of information. These sources of in- 
formation have been discussed at length by 
Crowder (1970) and Morton (1970). 

It has recently become apparent that one 
change might be required in the model. We 
have claimed that PAS can only account for the 
advantage of auditory over visual presentation 
for the last few serial positions. However, 
Murdock and Walker (1969) have shown m 
advantage for auditory over visual presentation 
over the last five or six items of a free recall list. 
Since this difference existed for a rate of pre- 
sentation of one English disyllable per 2 sec., 
Murdock and Walker argued that it is unrea- 
sonable to suppose it due to greater difficul- 
ties in processing the visual material. Murdock 
and Walker argued in favor of the existence of 
separate prelinguistic auditory and visual 
short-term stores with a persistence of up to 5 
or 10sec. If their arguments are accepted, then 
it is clear that such an acoustic store does not 
correspond to PAS since in the first place the 
auditory-visual difference is too small and 
second the difference covers too many serial 
s and third there is evidence that PAS 
n 2 sec. (Crowder, 1969a, 
he free recall para- 
emoved the ad- 
then our 


position 
lasts no longer tha 
1971). Ifit were shown in t 
digm that a simulus suffix r 
vantage for acoustic presentation, 
opinion would have to be revised. 

It might also be noted that PAS cannot ac- 
count for the preperceptual auditory images 
described by Massaro (1970). Massaro showed 
that the identification of a pure tone was af- 
fected by a subsequent masking tone as a func- 
tion of its closeness in time. However, unlike 
the suffix effect, this masking was unaffected 
by whether the masking tone was in the same 
or the opposite ear to the test tone. 

In the course of the paper, We have noted 
that the suffix curves differ from control curves 
over the whole or most of the list. We have, 
however, referred to “the suffix effect" as re- 
stricted to the last few serial positions. Our 
justification for this procedure rests in the ac- 
knowledgment that the effect of a suffix is not 
restricted to "the suffix effect." When the 
suffix is presented, Ss, perforce, process it and, 
at a subvocal level, respond to it. This im- 
plicit response should, according to the under- 
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lying model, act as a prefix. The effect of a 
prefix is to reduce performance in serial recall 
over the whole of the list (except the final item 
with auditory stimuli) as shown in Fig. 2. 
Crowder (1970) has shown that a comparison 
of suffix and prefix curves indicates that the 
suffix comparatively affects only the last two 
items. 

We believe that PAS is now firmly estab- 
lished as a distinct theoretical construct. The 
effects associated with it can now be used as a 
tool to investigate phenomena such as atten- 
tion and speech perception. 
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The time needed for adults to indicate 


of two digits is smaller, 
was studied in three experiments. 
a linear increasing function of the minim 
for indicatipg the 
indicating the sma! 
200-300 msec. long: 


pattern of latencies 
from the patterns for corresponding digi 


differences for the two types of material. 


er than the reaction 


the tim -andauer (1967) investigated 
simultan, required to judge which of two 
and Dae qund presented digits is larger 
CEU latencies to be a monotonically 

cal differs function of the absolute numeri- 
Fairba та (Split) between the digits. 
ürthern (1969) replicated this finding and, 
either more, found similar results when 
alphal months of the year or letters of the 
addition were substituted for digits. In 
are ет Fairbank showed that when Ss 
ае to select the smaller of two 
aneously presented digits, more time 

in part by United 
tional Institute of 
1.07722. The 
anagh, William 
r critical com- 


Thomas 
and 


Moyer and Land 


ать; 
diri d puc was supported 
ental H lic Health Service, Na 
author wi ealth, Research Grant M 
ase ishes to thank Patrick Cav 
ents. and Warren Throop for thei 
ees he assistance of Maria Gregory , 

» and Sherry Sukol in data collection 


analysis ; 
lysis is gratefully acknowledged. "The results o 
ting of the 


St 


X] 
idw. ead II were reported at the шее 
ichi stern Psychological Association, Detroit, 
хрівап, May 1971. 
pap Dess for reprints should be sent t9 John M. 
isa Department of Psychology, Carnegie- 
University, Pittsburgh, Pennsylvania 15213. 
191 


Q 1971 by t 


and which of two le 
Latencies in both digit tas! 


larger digit approximat 
ller digit. Latencies for 


for individual letter 


he American Psychological 


hich of two digits is larger, which 
tters appears later in the alphabet 
ks were primarily 
num digit of each pair, with responses 
ely 40 msec. faster than those for 
the letter task were approximately 
digits. Furthermore, the 
substantially different 
underlying process 


wh 


times for 
pairs was 
t pairs, suggesting 


is required than is needed to find the larger 


digit. 

In interpreting thei 
of both articles sugges 
underlying inequality judgments between 
numbers are closely related to, and may be 
the same as, the processes involved in in- 
equality judgments for physical continua. 
More specifically, they suggested that when 
S compares two numerals, he converts each 
numeral to an internal magnitude and a 
comparison is then made between these 
two magnitudes using an analog process in 
much the same way that S would make a 
comparison judgment between two physi- 
cally continuous stimuli. The authors 
based this suggestion on the fact that such 
judgments for physical continua (eg, 
colors differing in hue, lengths of lines, and 
frequency of tones) tend to be related to 
reaction time by functions which deviate 
from linearity in à manner similar to the 
deviation from linearity found in their own 


data. 
Restle (1970) has 


r results, the authors 
ted that the processes 


found similar results 


Association, Inc. 
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in a mental addition task. He investigated 
the time required to add two numbers 
(р + q), compare the sum to a third num- 
ber (r), and choose the larger. This task 
can be viewed as having two stages: a stage 
in which the sum is computed and a stage 
in which the result of this computation is 
compared to the third number. The task 
requirements of the comparison stage are 
very similar to those for the tasks studied 
in the articles mentioned above, although 
the range of numbers used in Restle's task 
waslarger. (In general, two- or three-digit 
numbers were being compared.) Restle 
found that latencies monotonically de- 
creased with increasing Splits between 
(b +q) and (r) and adopted Moyer and 
Landauer's (1967) explanation of their 
data in interpreting his own comparison 
stage result. However, Restle also found 
that latencies decreased monotonically as 
the Split between p and g increased. This 
addition stage effect appeared strikingly 
similar to the comparison stage result. 
Thus, it is not surprising that Restle, in 
discussing possible processes underlying 
the addition stage, suggested that the mag- 
nitudes of p and q are converted to distances 
along a continuous internal number line in 
such a manner that the sum can be esti- 
mated from the length of the two connected 
line segments. One inference to be drawn 
from Restle's work, then, is that a strong 
possibility exists that the processes under. 
lying mental addition are the same 
closely related to, the processes underlying 
inequality judgments between numbers and 
that these related processes are based on 
analog mechanisms. 


as, or are 


However, Parkman and Groen (1971) 
have found evidence for digital-like pro- 
cesses underlying simple mental addition. 
In their task, Ss added two single-digit 
numbers, compared the sum to a third num- 
ber, and decided whether the third number 
and the sum were the same or different, 
Like Restle (1970), they found that reac- 
tion times are a monotonically decreasing 
function of the Split between addends, but 
they further found that over the range of 
problems they used, latencies are linearly 
related to the minimum of the two addends, 
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In fact, the size of the minimum addend 
accounted for substantially more reaction 
time variance in the addition problems they 
studied than did the Split. This linearity 
in the smaller addend strongly suggests ше 
presence of some type of counting mecha- 
nism embedded in the processes underlying 
the mental addition of at least single-dig! 
numbers. 3 
If the mechanisms underlying 
addition are, indeed, closely related 
those underlying inequality judgments , Ў 
tween numbers, then it should be poss? s 
to find linear effects in inequality judgmer 
tasks similar to those found by Райи 
and Groen (1971) for mental addition. "i. 
present series of three experiments was © 
ducted to investigate this hypothesis. к 
The first experiment investigate. ad 
time required to choose the larger 9 88, 
simultaneously presented digits and, iet i 
was a replication of the Moyer and dus Е 
dauer (1967) study. However, in ОГ p 
investigate this task for the presence 0 à 
type of linear effects found in simple me 


mental 
to 
be- 


tal 
t only 


TIE. А 1 n 
mum digit in each pair (Min), the pi 
the two digits (Sum), and the mes н 
digit within each pair (Мах). Of J 


would be a linear increasing function Эн 
Min, as has been found for simple а : 
A process model for the Moyer anC con- 
dauer digit-comparison task wa apet 
structed based on the results of this re 5 
ment and is presented in the Discus the 

The second experiment investig 3 
time required to choose the smaller * men” 
simultaneously presented digits. / d 
tioned above, Fairbank (1969) fou m 
the performance of this task fequi со 
time than the performance o! th, gelar 
parable task using the “larger ап 
ton. Of particular interest in the р eas? 
study was whether or not this oe ove 
time represents a change in ae er 
the two tasks. One possibility is t „Jatio” 
formance using the “smaller than be one 
is composed of two additive 889 
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SEQUENCE DETECTION TIME FOR DIGITS AND LETTERS 


„се T which the greater digit is detected, 
E пе same process that is used in the 
ada ешт selection of the larger digit, 
{е à second stage in which the unselected 
TI smaller) digit is found. 
NE experiment investigated the 
D non of the Moyer and Landauer task 
Brent numerical material. In this experi- 
Gre 3 Bane of letters from the alphabet 
зке m pe simultaneously and Ss were 
«ter : о find which of the two letters came 
Före F tis alphabet. 1 wo sets of letters 
M wp One experimental group saw 
the first Xem selected only from among 
Midas 0 letters of the alphabet (A-J), 
Hos S ge group saw letters selected only 
— he second 10 letters (К-Т ). The 
gate s of the experiment was to investi- 
under] Us degree to which ihe processes 
ie ying relational judgments of num- 
No similar to or different from the pro- 
m Em used in making relational judgments 
nnumerical material. 


ExPERIMENT | 


(1967; design used by Moyer and Landauer 
the V eniti of randomly presenting to 
-9 4] = nonrepeating pairings of the digits 
Son ree times each. The design used for 
Only p1 of the present experiment differed 
cedure, minor details from this basic pro- 
locks poe Ss were presented four 
90 по of trials, each block consisting of ue 
rando, LP ne pairings of the digits 0-9, 
rial one ordered within certain sequential 
TI onstraints. 

Bum, above designs are € 
ing er of ways. One source of confound- 
is tee by Moyer and Landauer (1967), 
med the numerically larger digits have 
Euer ay higher probabilities of being 
Pairing. given the particular set of digit 
раі ё° they used. Furthermore, if oe 
he M are classified as to Size of the Sp it, 
* Min, or the Max, it is found that these 


Pairs c à 
small tend to have systematically more 
all Splits than large Splits, systematically 


ae Mins than large Mins, oom 
an cally more large. maximum ш à 
. small maximum digits, respectively. 
a med of these or related. structural yari- 

(e.g., the Sum) are important in Се- 


1 


onfounded in a 
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termining reaction time, then this syste- 
matic bias in the frequency of occurrence 
of the respective values of such variables 
could, through repetition effects, confound 
the derived relations between these vari- 
ables and latency of response. 

To control for these possibilities, a second 
group. (Group 2) was used in which the set 
of digit pairings presented differed from the 
set shown to Group 1. In particular, for 
Group 2 all possible nonrepeating pairings 
of the digits 0-9 were presented in which 
the digits of each pair differed from one 
another by not more than three, and all 
such pairings were presented equally often. 
This design generates a generally flat fre- 
quency distribution of digit pairings with 
regard to the Split, the Min, and the Max of 
individual pairs. In addition, the digits 
3-6 occur equally often as the Min and as 
the Max within individual pairs, whereas 
the digits 0-2 systematically tend to be 
paired with larger digits and the digits 7-9 
similarly tend to be paired with smaller 
digits. Hence, a check on the possibility 
of artifact resulting from the confounding 
of digit size with response is possible. 


Method 


Subjects.— The 
tory psychology class 
versity, who received сї 
The Ss were randomly 
mental groups, resulting it 
19 Ss in Group 2. 

Materials and apparatus.— The materials consisted 
of single digits ranging in value from 0-9. A single 
pair of such digits was displayed simultaneously 
on each trial with the constraint that the two digits 
could not be identical. The digit pairs were pre- 
sented on a standard video monitor controlled by 
a DDP-116 digital computer. Each pair of digits 
appeared centered horizontally on the video screen 
with individual digits subtending -5° of visual 
le and with center to center spacing between 

Ss responded by pressing one О 
в appropriately labeled "LE » 
and “RIGHT,” mounted approx mately 50 cm. in 
front of the video monitor. Latencies were measure 
by the computer to the nearest :001 sec. from the 
time the digits appe he screen until switch 
contact was made. 

Procedure and design.—Vor 
Group 2, individual trials were 
(a) The m e "READY" appeared centered on the 
screen for .5 sec (b) The screen remained blank for 5 
sec. (c) The two digits were displayed on the monitor 


Ss were 41 students from introduc- 
llon Uni- 


es at Сагпевіе-Ме! 

credit for participation. 
gned to the two experi- 
) Ss in Group 1 and 


ang 
digits of 2.0°. The 
two microswitches 


ared on t 


both Group 1 and 
conducted as follows: 
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TABLE 1 


INTERCORRELATION MATRIX FOR 
STRUCTURAL VARIABLES 


Group 1 | 


Group 2 

Vari- 
able 

Split Min | Max Split Min | Max 
Split | | 
Min —.500 —.172 | 
Мах :500 | .500 -172 | 941 
Sum -000 | .866 | .866 -000 | .985 | .985 


until 5 made a response. (d) The screen remained 
blank for 1.0 sec. prior to the warning for the next 
trial. In the case that 5 responded incorrectly, the 
above procedure was modified in the following man- 
ner: (t) The screen remained blank for .5 sec. 
(ii) The message '"wRowG" appeared centered on 
the monitor screen for 1.0 sec. (iii) The screen 
remained blank for 1.0 sec. prior to the warning for 
the next trial. 

The two groups differed in their respective set 
of digit pairs used as stimuli. For Group 1, all 
possible nonrepeating pairings of the digits appeared. 
The computer randomly permuted these 90 possible 
pairings within blocks for each S with the constraint 
that no single digit could appear on successive trials. 
Four such blocks were presented to each S with an 
interblock rest interval of 20 sec. (During rest 
periods, the message “REST” appeared centered on 
the monitor screen.) For Group 2, all possible non- 
repeating pairs of digits were used in which indi- 
vidual digits differed from one another by not more 
than three. The computer randomly presented 
these 48 possible pairings within blocks for each S, 
again using the constraint that no single digit could 
appear on successive trials. Seven such blocks were 
presented to each S, with interblock rest intervals 
identical to those used for Group 1. 

The Ss served in one session each. The instruc- 
tions to both groups asked 5 to decide on each 
trial which of the two digits was numerically larger 
and to press the right switch if the larger digit 
occurred on the right side, 


in and vice versa, In 
addition, all Ss were asked to respond “as quickly 
and accurately as Possible” and to use their index 
fingers for responding. І 


Results 


Structural variables—In analy 


, и zing reac- 
tion times, only d 


ata obtained from trials 
on which a correct response was made were 
considered. The mean reaction times for 
the individual digit pairs for each of the two 
experimental groups were investigated with 
respect to four structural variables —the 
Split, the Min, the Sum, and the Max. The 
goal of this analysis was to find Which one 
or more of these variables is most closely: 
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related to reaction time in the present M 
with the belief that such information wou Я 
provide clues toward the identifica 
the processes underlying inequality JU g 
ments between numbers. 7 ES 
In performing such an analysis, а Pd 
lem arises with regard to the a prior! ur. 
correlations among the structural Mes V. 
studied. Assume that one set of AM 
variables is strongly related to edm. ai 
and that a second set of such variab S 
not. If any of the second set of Ms 
is highly correlated with any of bed vate 
ables in the first set, then the membe 
the second set will appear to be Mer. 
reaction time also. For example, е7 are 
that reaction times in the present tas Ede 
a function of the Min only. Ifa de 
used in which the Split and Min are slated 
lated, the Split will be spuriously pde ed 
with reaction time to the approxima Mine 
tent that it is correlated with the а 
Such a situation would hinder attemp ag 
identify the mental processes unc more 
the present task. However, if two ОГ 
experimental designs are used and t 
correlations among the structural V 


nes 
resolution of this problem is som with 
possible. In general, the correlation e. 
reaction time for the nonspuriously pang? 
lated variables will not significantly © 
across the various designs while me 
correlations for the other variables i ол“ 
and fall in magnitude in direct cart 
dence to the pattern of correlations val Jes: 
variables with the more stable V@ ап 
Although this is precisely true бл 
ideal case, if the number of structuré 
ables studied is sufficiently Sm? *. for 
argument can be used as a heurs”. рев 


gated based on the designs used pt 
1 and Group 2. Table 2 shows 5, alu 
groups the intercept, slope, anc ples us! Ji 
for each of these structural varia ssi0 д: 
the method of least squares герге? о M 
can be seen from Table 2 that 
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accounts for approximately 77% of the 
variance in digit-pair means for both Group 
1 and Group 2. Using the reasoning pre- 
sented above, it can be argued that the 
relation of the Max and the Sum to mean 
reaction time stems from these variables’ 
rather high a priori correlation with the 
Min. Similar argument can be applied to 
ы, Split. However, since the Split has 
en previously implicated as an important 
variable in the present task, closer exami- 
nation is warranted. Using the method of 
рапа correlation (Nunnally, 1967), 
o nates can be made of the relation be- 
n the Split and mean reaction time in 
two designs after the Min has been 
Partialed from the Split. When this analy- 
Sis is performed, using the data in Tables 1 
ànd 2, it is found that the Split accounts 
Or approximately 7% of mean reaction 
poe variance in Group 1 and 9% of the 
ariance in Group 2. On the other hand, 
Using the same technique, the Min accounts 
j£ an average of 72% of the variance in 
"ése two groups if the Split is partialed 
Tom the Min. (When similar estimates 
2ased on this procedure are made for the 
b and the Max, neither of these struc- 
i: al variables, in either experimental 
оир, accounts for more than 9% of mean 
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TABLE 2 


INTERCEPT (MSEC.), SLOPE (MsEC/UNIT), AND R? 
VALUES FOR STRUCTURAL VARIABLES 


| Group 1 Group 2 
Vari- 
able | мег 

nter- | Slope | К+ | Iter | Slope | Re 
Split | 481.5 | —9.8** | 437 | 491.5 | —15.5** 
Min | 411.3 | 12:9** | .762 1243 10б 726 
Мах | 425.9 | 3.0% | 045 | 4141 8.7** | 1530 
Sum | 397.7 | 5.3** | 2392 | 417.0 5.0% | 1667 
*p <.05. 
+ <.01 
reaction time variance independently of the 
Min.) 


It is clear then that the Min accounts for 
a substantial amount of reaction time vari- 
ance in this task and that previous studies 
have overlooked its importance. In Fig. 1, 
mean digit-pair latencies and error rates 
are presented as a function of the Min. 
(Each point represents the pooled mean of 
all digit pairs with the appropriate Min 
value.) There is a high degree of linearity 
in these data. Linear regression (un- 


weighted) accounts for 95% of the Group 1 
reaction time vari 
ance for Group 2. 
best-fitting (unweighte 
scribing these two set 0 
the figure. 


ance and 96% of the vari- 
The equations of the 
d) straight lines de- 
{ data are given in 
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u 
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function of the Min. (Filled circles 
and bars refer to Group 23 


196 


470 


JOHN M. PARKMAN 


460 
T 
Ш 
(Л 
2 
F 

YT aso 

аас 

1 2 3 4-5 6-9 
SPLIT 
Fic. 2. 


of the Split. (Filled circles and bars ге 
refer to Group 2.) 


Residuals.—Vossible processes related to 
the Min will be presented in the Discussion. 
However, it is important to note that al- 
though the Min accounts for a substantial 
amount of reaction time variance in the 
present task, other structural variables may 
still account for an important variance 
component that is independent of the Min. 
One way to investigate this possibility is to 
examine the residual reaction times for the 
digit pairs when the Min has been used as 
the independent variable in regression 
(Draper & Smith, 1966). 11 any of the 
other structural variables are having syste- 
matic effects on reaction time indepen- 
dently of the Min, these effects should ap- 
pear as systematic trends in these residuals. 
When the Min residuals were plotted as а 
function of the Max, the Sum, and the 
Split, no systematic trends could be found 
as a function of either the Max or the Sum, 
However, a clear, nonlinear, trend was dis- 
covered as a function of the Split. 


[ 1 In par- 
ticular, it was found that for € 


sroup 1, digit 


Mean adjusted Min residual reaction times for Exp. I as a function 


fer to Group 1, open circles and bars 


pairs with Split values of 1, 2, or 3 ti 
tematically higher residual reaction 
than did digit pairs with Split values 0. 
which showed no systematic effects: 
2 (which had Split values of only Ly = rer 
3) showed a similar pattern in its са 
siduals to that found for Group 1. ES poth 
presents these Min residuals for 
groups. (Note that these “residua ij 
been adjusted by adding to each Er 
the mean reaction time for its resi 1 
experimental group.) cies zoe 

In Fig. 3, mean digit-pair laten ction 0 
error rates are presented as a funt E nilar 
the Split. This figure appears уе ie | 
to the corresponding figures press іграй" 
Moyer and Landauer (1967) and. equali 
(1969). Hence, the number m A he 
judgment effect, first investigated gel , id 
and Landauer, is replicable. Нох can Le 
shown above, the curves in Fie. one” he 
thought of as composed of two comh nt 
(a) a strong, linear component bas 


* s- naf: COM 
Min and (b) a smaller, nonlinear 
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based on that portion of the Split which is 
independent of the Min. 

Order effects.—The individual digit-pair 
means for both groups were investigated 
for possible order effects with regard to the 
respective left-right positions of the Max 
and the Min of each pair. For both groups, 
it was found that this mean order difference 
amounted to less than 3 msec., with the 
direction of the "effect" being opposite in 
the two groups. These mean differences 
Were not significant for either Group 1, 
1 (88) = .29, p > .50, or for Group 2. 
! (46) = .34, p > .50. 

Errors —The correlation between errors 
and reaction time, based on individual 
digit-pair means, was .775 for Group 1 and 
‘845 for Group 2. Although these correla- 
tions are relatively high, the actual error 
rates for both groups were quite low, being 
2.86% for Group 1 and 1.92% for Group 2. 
_ As mentioned above, the designs used for 

roup 1 and Group 2 substantially differed. 

€vertheless, as can be seen in Fig. 1, 2, 
and 3, both these designs yielded very 
Similar data, Hence, the possibility is 
Sreatly reduced that the design used for 
Proup 1 (and employed by Moyer and 
dauer) yields artifactual data due to 
inn confounding mentioned earlier. Be- 
s Use of this finding, a decision was made to 

Mploy the general design used for Group 
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RT (MSEC) 


400 


Fic. 3. Mean digit-pair re gaor 
function of the Split. (Filled circles 


and bars refer to Group 2.) 


action times 
and bars refer to Group 
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1 of the present experiment in the experi- 
ments reported next. 


EXPERIMENT П 


One way to explore the generality of the 
results of Exp. I is to present Ss with the 
same material, but ask them to perform a 
somewhat different operation. In the pres- 
ent experiment, such an attempt was under- 
taken by asking Ss to find the smaller of 
two simultaneously presented digits. As 
mentioned above, Fairbank (1969) has 
found that more time is required to find the 
smaller of two single digits (1-9) than to 
find the larger digit. He asked Ss to scan 
double columns of digits and to mark 
through either the larger or the smaller 
digit in each row. Using a within-Ss de- 
sign, he found that an average of 24 msec. 
additional time per problem was required 
to find the smaller digit than was needed 
to find the larger digit. However, Fair- 
bank's procedure did not provide informa- 
tion as to the relation of reaction time in 
this'task to the structural variables investi- 
gated in Exp. 1. Such information is needed 


in order to investigate possible process 


differences between the two tasks. 

One theory that is relevant to possible 
differences between finding the 
d finding the smaller of two digits 
of Lexical Marking,” which 


process 
larger an 
is the “Principle 


оло 
Əla ERROR 


SPLIT 


for Exp. I as à 


and error rates i 
1, open circles 
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TABLE 3 


INTERCEPT (MSEC.), SLOPE (MSEC/UNIT), AND R? 
VALUES FOR STRUCTURAL VARIABLES 


| АП digit pairs Digit poire containing 

Vari- 
able | 

Inter- 2 Inter- " А 

сері К: сері Slope R 
Split 523.5 -338 | 525.8 —11.6* | .339 
Min 1 .678 | 428.1 17.7* | .789 
Max | 475.2 009 | 446.4 6.1* | 1094 
Sum 445.0 -200 | 407.7 7.9* | .476 
*p <01. 


has been presented by Clark (1969). Ас- 
cording to this principle, antonymous ad- 
jectives, like large and small, are asym- 
metric in the sense that the positive or 
“unmarked” adjective (“large” in this 
example) is stored in memory and handled 
in a less complex way than is its opposite. 
In the present case, "smaller" should be 
coded in a manner analogous to "larger" 
but with the addition of one semantic fea- 
ture or marking. The process effect of 
this marking for the present task might be 
to initiate retrieval of the unselected (i.e., 
smaller) digit after the process which finds 
the larger digit has made its selection. If 
this reasoning is correct, and if it is as- 
sumed that the time required for this extra 
operation is a constant regardless of the 
digits involved, then reaction times asso- 
ciated with finding the smaller of two digits 
should be the same as those associated with 
finding the larger digit, except for a small 
increment. Hence, reaction times for 
finding the smaller digit should be related to 
the structural variables of Exp. I in the 
Same way as were the reaction times for 
finding the larger digit, except for small 
intercept differences. "These possibilities 
were investigated in the present experiment, 
Method. 


Subjects.—The Ss were 23 stude 
the same 5 pool as in Exp. f. 
class credit for participation. 
Exp. I and II. 

Materials, apparatus, procedure, and design. Т 
conduct of this experiment was identical to that for 
Group 1 of Exp, I except that in this experiment 
Ss were asked to find the numerically "smaller" of 
the two digits and to press the right switch if the 
smaller digit were on the right, and vice versa. 


nts drawn from 
The Ss were given 
No Ss served in both 


he 


^J 


| 
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Results 


The data from this experiment were Ww. 
mitted to essentially the same analyse 
were the data from Exp. l. а M 
design used for the present "pee ан 
basically the same as that used for sults 
1 of Exp. I, a comparison of the ee 
from these two sources should yield П ces 
mation as to the similarities or ае 
between the processes used by Ss ir data 
two tasks. As is shown below, ws ear 
from the present experiment do rel 1 
highly similar to the data from 1а Pin 
with one notable exception. Digi a 
which contained a zero had me "han 
latencies in the present experimen ези 
would have been predicted from aes d 
of Exp. I. This was particularly reler 
the Pairs 0-1 and 1-0. Speculators à 
vant to this result are presented in Ü e. 
cussion. However, in what meet s 
follows, an attempt is made to Lain 
results in such a manner that any P oided: 
confounding with a “zero effect” is av agents 

Structural variables —Table 3 Pr аве 
the intercept, slope, and R? values. y the 
on the individual digit-pair means struc 
present experiment, for each of the Two 
tural variables studied in Exp- 
Separate sets of analyses have 
formed for Table 3. One set of @ yhile а 
used all 90 of the digit-pair means: " 
second set used only the 72 digit-p2! t 
based on pairs which did not are 
zero. With regard to the former 20° 


been 


ne 
x elat! " 
it can be seen that the pattern of "riment 
ships that data from the present exp 15 


have with the four structural pp» ;rouP 
very similar to the pattern found fo s 
1 of Exp. I, except that each of thesia 
ables accounts for roughly 10% less усш” 


A : аг” ш; 
in the present experiment. k Pinding’ 
importance are the following anti? 


(a) the Min accounts for a eee po 
portion of the mean digit-pair pes ùü ion 
it did in Exp. I, and (6) the slope = е ve 
the Min in the two experiments * ү 
similar. | p; 

"Turning now to the second € 
important effects of removing 
containing a zero can be seen. ariance 
Min accounts for 78.9%, of the уа 
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540 


y':426.5+18.2X 


RT (MSEC) 


u 
ü 
[=] 


аво 


o 1 2 


Fic. 4. Mean digit- 


function of the Min. 
computing the regression line.) 


ve remaining digit-pair means, which is 
x ша: to the corresponding figures 
for Gro groups of Exp. I; (Ihe. Rt values 
igit ир 1 and Group 2 of Exp. 1, with 
3 Mt containing a zero removed, are 
Slope {о 761, respectively.) Second, the 
unit, ns Min increases to 18.2 msec/ 
Group | uc corresponding slope values for 
Contain} and Group 2 of Exp. I, with pairs 
Жї ing a zero removed, are 13.7 and 
In БКО, unit, respectively.) р 
аге к. 4, mean digit-pair reaction times 
The Presented as a function of the Min. 
ites Pere line (unweighted) in this 
Or th has been fitted to all points, except 
Zero € point corresponding tO 2 Min of 
Varian This line accounts for 95% of the 
E high d in the nonzero points, indicating 
Plotteq legree of linearity in the data when 
d in this fashion. 
Si сона «Ад analysis of the Min re- 
PS for the digit pairs not containing a 
Ment ES performed for the present epe 
deb as was done for Exp. + No ne 
ind trends in these residuals could be 
Sum as a function of either the Max or the 
as a р However, these Min residuals plotted 
unction of the Split revealed а clear, 


a 4 
MIN (X) 


pair reaction times 
(The data point at the 
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оло б 
со ERROR 


7 в 


and error rates for Exp. II as a 
zero Min value was not used in 


nonlinear trend very similar to that found 
in the first experiment. Figure 5 presents 
the Min residuals (adjusted as in Exp. I) 
from the present experiment as à function 
of the Split. 

Larger versus smaller.—As can be seen 
above, the data from this experiment 
are quite similar to the data from Exp. I 
in terms of the structural variables in- 
vestigated. In addition, further analysis 
showed that Ss in the present experiment 
required significantly more time to indicate 
which was the smaller digit in each pair 
than was required by Ss in Exp. I to indi- 
cate the larger digit. The Ss of Group 1 
of Exp. I had a mean latency of 444.3 
msec., While Ss of the present experiment 
averaged 484.3 msec. The 40.0-msec. 
difference between these groups was sig- 
nificant, / (43) = 3.09, р < -005. The 
standard deviations of the mean reaction 
times for Ss of the two groups were 36.0 and 
49.4 msec. for Group 1 of Exp. I and 
for the present experiment, respectively. 
Cochran's test for heterogeneity of vari- 
ance did not detect a significant difference 
between the variances associated with these 
two figures, C (22) = .52, р> .05. The 
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4-5 
SPLIT 


Mean adjusted Min residual reaction times 


for Exp. II as a function of the Split. 


reaction time differences between these two 
groups can also be viewed in terms of over- 
all differences based on individual digit-pair 
means. Using all 90 digit pairs, the overall 
mean latency for Group 1 of Exp. І was 
445.7 msec., while the corresponding mean 
for the present experiment was 485.9 msec, 
"This 40.2-msec. increase in mean latency 
for the present experiment was significant, 
t (178)— 7.46, p < .001. If digit pairs 
with a zero are removed, the overall means 
of Group 1 of Exp. I and for the present 
experiment are 453.3 and 487.2 msec., re- 
spectively. This 33.9-msec, difference is 
also significant, / (142) — 5.68, p < .001. 
Although the possibility of 5 sampling bias 
cannot be ruled out, these estimates of the 
mean latency difference in the two tasks are 
of the same direction and order of magni- 
tude as that found by Fairbank (1969), 
Whose data, based on a within-Ss design, 
were less susceptible to possible sampling 
bias than were the data from the present 
study. 

Order effects —An investigation for possi- 
ble Min and Max order effects in the digit- 
pair means for the present experiment was 
conducted. Although pairs with the Max 
in the left position had, on the average, 6 
msec. longer mean latencies than was the 
case for pairs with the Max in the right 


cant 
pairs 
this 


position, this difference was not signif 
t (88) = .746, p > .50. Removal E 
containing a zero did not chang 
finding. arrorS 

Peroni correlation between sper 
and reaction time in the present neat 
ment, based on individual digit-pair п mean 
was .779 for the 90 digit pairs. "2 81%. 
error rate for the experiment was ^ 


ExPERIMENT IlI 


‚ exten 
This experiment investigated the be 
to which the results of Exp. I and i 
extended to similar tasks usine ing 
materials. If the processes under -— ers 
results of Exp. I are used only with” simil! 
then there is no reason to expect enti? 
results from performance on an 1 
task with nonnumerical material. 
The present experiment Was e 
Exp. I except that alphabetically the cn 
uous letters were substituted tor ú eac 
digits and Ss were asked to indicate ater 5 
letter pair which letter zi pee e exp? о 
the alphabet. The results from t the ga 
ment were analyzed in terms О 


e 
by substituting zero for the sip e 
first letter, one for the next 2 ining 
Emphasis was placed on d 
What extent the pattern of relati 
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between letters and these structural vari- 
ables are similar to the relations found for 
digits. 
M a design very similar to that used 
Moyer and Landauer (1967) with digits, 
Fairbank (1969) presented nonrepeating 
ima of letters drawn from the first nine 
^ ers of the alphabet (A-I) and asked Ss 
E choose the letter in each pair which came 
pa in the alphabet (i.e., nearer 7). Не 
ШШ reaction times to such letter pairs to 
ene related to the Split. How- 
ane ү а second experiment using the 
Gg [ape Fairbank found that Ss could 
RN he letter nearer A faster than they 
dlud find the letter nearer Z. He con- 
bet ed that while there may be similarities 
fine een finding the larger of two digits and 
leiten the alphabetically later of two 
ers, the underlying decision processes 
аге not identical. 
hor reason Fairbank 
jm ies in his results be 
ers may have been due to 
Mc ed the initial letters of the alphabet. 
"airbank's Ss (college students) probably 
rod the serial positions of these initial 
tters fairly well and could perhaps per- 
B the task using this associated numeri- 
du. DRE One hypothesis then is 
ela Fairbank would not have found as 
di Se a similarity in his results between 
Bits and letters if he had used letters 
visi from the middle of the alphabet 
к presumably the letters „serial posi- 
ex ns are not as well known. The present 
Periment used two groups of Ss. Group 
Was presented nonrepeating letter pairs 
i. 3 from the first 10 letters of the alpha- 
~ (A-J), and Group 2 was presented 
th a drawn from the second 10 letters 0 
€ alphabet (K-T). 


(1969) found simi- 
tween digits and 
the fact that 


Method 
Subjects.—The Ss were 32 students drawn from 
nap cime S pool as in Exp. 1. The Ss were indes 
in ieee the two experimental groups, resu ting 
Were E in Group 1 and 17 Ssin Group 2. wA P 
wh given class credit for participation, an in E 
bin served in the earlier experiments served 11 
ВП. 
Materials.—The materials 
a fist 10 letters of the alph 
The р 2, the 10 consecutive letters 
letters were displayed in upperc: 


for Group 1 consisted 
abet, A-J- For 
K-T were used. 


ase, block form 


and subtended a visual angle of .5? with a center-to- 
center spacing between letter pairs of 2:08; 

Apparatus, procedure, and. design.—The apparatus, 
procedure, and design used in this experiment were 
identical to that for Group 1 of Exp. I, except that 
in this experiment Ss were asked to find the letter 
in each pair coming later in the alphabet and to 
press the right switch if the later letter appeared 
on the right, and vice versa. They were also told 
before the experiment the range of letters that 
would be used in forming the pairs. 


Results 


The results of the present experiment 
with letters were found to differ in a num- 
ber of important ways from the results of 
Exp. I and П, which used digits. One im- 
portant difference was à substantial in- 
crease in overall mean latencies for the 
letters. These mean reaction times for the 
present experiment, based on individual S 
means, were 691.8 msec. for Group 1 and 
743.5 msec. for Group 2. These means con- 
stituted an increase of more than 200 msec. 
in mean latency for the tasks using letters 
as opposed to the equivalent tasks using 
digits. The 51.7-msec. mean latency dif- 
ference between Group 1 and Group 2 of 
the present experiment Was significant, 


t (30) = 1.78, p < .05, one-tailed test. 
Structural variables.—As а means Tor 
between letters and 


further comparison 
digits, Table 4 presents the intercept, 
slope, and R? values, based on the indi- 
vidual letter-pair means of the present 
experiment, for each of the structural 
variables studied in the previous experi- 
ments. lt can be seen that the Min (iem 
the letter in each pair occurring earlier in 
the alphabet) no longer accounts for as 
substantial an amount of mean reaction 
time variance as was true for digits. In- 
deed, for Group 2, the Min accounts for 
almost no variance at all. The Split now 
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Fic. 6. 
function of the Split. 
and bars refer to Group 2.) 


accounts for approximately half of the vari- 
ance in the two groups. The Max accounts 
for a substantial amount of variance for 
the second 10 letters of the alphabet (Group 
2) but accounts for very little variance in 
the first 10 letters (Group 1). The patterns 
of relations that Group 1 and Group 2 of 
the present experiment have with the four 
structural variables are very interesting in 
themselves but are clearly different from 


the corresponding patterns seen for digits 
in the first two experiments. 


Figure 6 presents the m 
reaction times and error rates for Group 
1 and 2 of the Present experiment as a 
function of the Split. Of interest is the 
result that these two curves are very simi- 
lar, except for intercept differences, 
7 presents the mean letter-pair r 
times and error rates for Group 2 as 
tion of the Max. Linear regression ai 
for 97% of the variance in this figu 


ean letter-pair 


eaction 
a func- 
Ccounts 


re. 
Order effects —An investigation for pos- 
sible Min and Max order effects in the 


letter-pair means 


present experiment. With the Min in the 


left position (i.e., when the letters were in 
alphabetical orde 


faster for both gro 
when the Min w 
The size of this 
Group 1 and 20.9 
ever, neither of 


Mean letter-pair reaction times and error rates for Exp. Ш as a 
(Filled circles and bars refer to Group 1, open circles 


> ‚30 


tistical significance, / (88) = 1.15, р for 


for Group 1 and £ (88) = 1.00, p > 
Group 2. 

eimai correlation between 
and reaction time in the present ме С w 
based on individual letter-pair o 2. 
:657 for Group 1 and .654 for Er 32% 
The mean error rates were 8.27 an 1 5 
for Group 1 and Group 2, respective? 


errors 
үтеп, 


а 


DISCUSSION 


] tudy 
The most important results of HE a) 
with respect to digits are the tollon eithe! 
Reaction times for finding and indica es nted 
the larger of two simultaneously P smaller 
digits or for finding and indicating m jon oH 
digit are to a large extent a linear fu a sub 
‘he Min, with the Min accounting Об "сас 
stantial amount of individual digit-P or bot" 
tion time variance in both tasks. ' () air а 
of these tasks, those portions of digit-P п th 
tion times which are not explaine nctio® р 
Minarea monotonically decreasing т g 25 
the Split, with this "Split effect" being Е. (0 
for digit pairs with relatively small T im 
The task of finding the smaller of p ults у. 
taneously presented digits yields m digi 
similar to the task of finding the lar ons 
the only major difference being а 
small increase in reaction time. import? 
With regard to letters, the most tion 
results are the findings that (a) TE. 
for indicating which of two bap alph? 
presented letters appears later in t wa 
are more than 200 msec. longer than 
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reaction times and error rate 
(The regression equa 


20. 


a R s m 


s for Group 2 of 
tion assumes that 


Exp. III as a function of the 
bstituted for the letters L-T, respectively.) 


the numbers 1-9 have been su 


for 
the corresponding task of selecting the 


т d two digits, and (b) the pattern of 
rom m times for letters substantially differs 

Atfem pattern found for digits. 
Жатка d to explain the above results are 
Current t] by the rather primitive level of 
ing. In а of human information process- 
act, at the level of analysis of the 


Drese 

bueh D study, no theory today proposes how 
ask as that of finding the 

In what 


made to 
dy in the 


е com The psychologic 

have ponents of process models : 

be th yet to be determined, but W1 
E subject of theory in the near future. 

5 атаве] of the digit inequality judgment 
Samoa, eee in this study should ac- 
Split ate the above findings in regard to the 

and, especially, the Min. One type of 


Mode , type 
! lel which is compatible with the Min find- 
und the notion 


register. One 
comodate 


"ва counting model built aro 
Such unter or incrementing 
the above Min model which can ас а 
tentata Min result is the following, which is 
ively being proposed for the inequality 


Ju 
thie тепе task of Exp. І. (An extension 0 
d to encompass 


5 E 
the 986] will later be propose 
o esults of Exp. II.) First 5 encodes the 

numerals, Next he activates an internal 


r in the following manner. The 
set to zero. After encoding 
the digits, the register is incremented by one, 
and the contents of the register are compared 
against the representations of the two encoded 
digits. (As there are no order effects in the 
data, this match against the two representa- 
tions may occur either serially and exhaustively 
means of some parallel comparison 
If a match occurs, the increment 
procedure is terminated, and the 
unmatched representation is retrieved. In 
case a match does not occur, the match register 
is incremented by one and another comparison 
is made. This increment and compare proce- 
dure continues until a match is found. Finally, 
it is assumed that retrieval of the selected digit 


access to information concerning that 
in the original visual 


roper motor response 


match registe 
register is initially 


or by 
scheme.) 
and compare 


provides 
digit's relative position 
field in order that the p 
may be initiated. 
The number o 
cycles required by t 


f increment and compare 
his model for any particular 
digit pair is, of course, equal to the Min of that 


pair. Hence, the Min slope is an estimate of 


the time required for one complete operation of 
this testing procedure. The 10-20 msec/unit 
Min slopes found in Exp. I and I] mean that 
between 50 and 100 increment and compare 


cycles are made in a single second. 

The effect of the Split on digit-pair latencies 
can be incorprated into the present model in 
the following, if somewhat post hoc, fashion. 
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The comparison procedure mentioned above 
may well operate in a signal detection manner. 
Without going into the details of the Theory 
of Signal Detection (Green & Swets, 1966), it 
can be argued that for the present case, when 
two-digit encodings are sufficiently similar 
(i.e, when the Split between two digits is 
sufficiently small), the execution of the above 
comparison procedure is made more difficult. 
This added difficulty would be reflected in in- 
creased latencies and errors for digit pairs with 
small Splits. Results supporting this argument 
can be seen in Exp. I and II, although further 
confirming evidence is obviously needed before 
this "comparison procedure effect" can be en- 
tertained as more than a speculation. 

The results of Exp. II also are compatible 
with the model presented above if it is assumed 
that to choose the smaller digit, S must first 
find the larger digit and then select the smaller 
digit by retrieving the digit that was not se- 
lected by the process which found the larger 
digit. Using the results of Exp. I and II, the 
time required for this extra operation in re- 
trieving the smaller digit can roughly be esti- 
mated as approximately 40 msec. (Actually, 
one should compare intercept differences in 
making this estimate as the model predicts 
that the Min slopes for both tasks will be the 
Same and that the result of the additional 
mental operation needed in Exp. II will be 
just an increase in the intercept for the data 
from that experiment when plotted as a func- 
tion of the Min. However, since means are 
more stable than intercepts, the means from 
Group 1 of Exp. I and from Exp. II have been 
compared for making this estimate.) 

As the model predict 
the smaller digit (the 


s that 5 actually finds 


t 1 е Min) first in order to 
identify the larger digit, it would appear in- 


efficient to find the smaller digit by first finding 
the larger. One possibility, though highly 
speculative, is that the process of finding the 
larger digit (the normal mode of operation for 
the model) somehow temporarily leaves the 
representation of the smaller digit in some kind 
of refractory state. Hence, the smaller digit 
cannot be identified directly but only in ref- 
erence to the larger digit. 

With regard to digit pairs containing 
the model generates the wrong answer. This 
stems from the fact that the match register 
can never detect a zero, as it increments before 
it tests for a match. Hence, the “effective 
Min" (as far as the model is concerned) for 
pairs with zeroes is, in reality, the Max, 
Ss in Exp. I and especially E. 
that they had difficulty with 
be th 


à Zero, 


Many 
Xp. II reported 
zeroes. 


It may 
at Ss developed strategies for h 


andling 


JOHN M. PARKMAN 


Я ique 
digit pairs containing zeroes which werg ШИШ 
to this kind of pair and which, for AE 
demanded more time than did the Ne et 
of pairs without zeroes. However, e stood. 
of such strategies are not at present une 
Nor is it known why this “zero effect E an 
be stronger in Exp. II than in Бр, ore 
hint may be that zeroes were never үзүш 
in Exp. I, but what this means in te 
process is not at present clear. is an ac 
Whether or not the above mode Mderlying 
curate description of the processes unc digits 
the selection of minimum and maximum * 
the high degree of similarity found s 
sults of Exp. I and II certainly fen E. 
support to the argument that whate opera- 
tions, they are very similar. N à 
within-Ss investigation of these eim Exp: 
using procedures similar to those use с 
I and II still needs to be conductec dto 
for possible Min slope differences ап esp 
vide a better estimate of overall mean T^ 
latency differences. . of EXP: 
Turning now to letters, the result gear 
III clearly indicate that there are $ wo digits 
differences between finding which of um f 
is larger and which of two letters Ec) д 
in the alphabet. The most importan hese two 
differences in the data derived from t & 
tasks are the increase in overall mean n lette 
for the letter task and the fact that me a 
pair latencies are not systematically тё , the 
the Min as is the case with digits- their p 
latencies frs 


nse 


T - early of 
composed of letters which appear € 


Split is that Ss perform these letters ate 
keeping a short list of contiguous j che 


ing on each trial to see if one of Ч 
pair of letters is a member of this d 
sumably this “short list” is compose. cet? 
letters of the alphabet for Group 5 m 
near T for Group 2. If one of EE will 
is a member of such a set, then е pro 
information with which to solve E a 
of which letter comes later in " i 
However, if neither or both of ian » the? aly 
letters are part of S's “memory Sê} 10 
list has to be expanded or shortene 


jm D P letters is contained within 
tean let us post hoc model predicts that 
properti e bee latencies will have the general 
related es found in Exp. III, but further work 
E ed to this experiment clearly needs to be 
one. 
aonb recent article, Lovelace and Snodgrass 
Dürpos reported the results of a study whose 
апа n was to extend the work done by Moyer 
Ames d (1967) “чо decisions involving 
E order of letter pairs presented simul- 
to ree Ср. 258]." Im their tasks, Ss had 
Pte: oe whether a pair of letters was in 
other = reversed alphabetic order. Among 
Crease ES they found that latencies de- 
| апа ЕН. as the Split between letters increase 
iñ pr at latencies were shorter for letter pairs 
Sos орав than reversed alphabetic order. 
ipud and Snodgrass concluded that their 
Bude. extended “the generality of Moyer and 
Case of th s (1967) finding with digits to the 
Howey the order property of letters Гр. 262]. 
рар ne closer examination of their results, 
Stud R y In view of the results of the present 
their | complicates this conclusion. While 
With .Ctter-pair means do generally decrease 
Gece о HE Splits, it is not clear what the 
Also "s the Min of each pair is on their data. 
resulte here are significant order effects in their 
alphab of more than 100 msec., with pairs in 
P LEE order being faster than pairs in 
ra No such order effects have been 
the fat in simultaneous digit experiments for 
Finally first used by Moyer and Landauer. 
rates pai the overall mean latencies and error 
lan "n their study appear substantially higher 
digits hose found for comparable studies using 
ace à On the other hand, the relation of Love- 
| em Snodgrass’ study to Exp. Ш of the 
п pa t article is not at all straightforward. 
Bund Ца no significant order effects were 
У in the present Exp. 11 The relation 
"use two letter tasks needs to be explored. 
investi Purpose of the present study € to 
inequ dte Bosse similarities between igit 
additi ity judgment tasks and simple menta 
the ME If a comparison 18 made between 
Article з of Exp. I and II o 
(1971) and the results in Parkman 
the ty, kg high degree of similarity 
arable tasks is found. Substantial and 
ance i portions of mean reaction time 
"лс both tasks are described by a ! 
| Addition of the Min. (The Min for. n 
> E ded problems corresponds to the minir a 
| are ej d Also, order effects in the two tasks 
ask ther very small (12 msec. for the addition 
) or nonexistant. However, the Min slope 
unit 


or ssa 
addition was approximately 30 msec/ 


between 
and com- 
vari- 
linear 
ple 


— а. 


SEQUENCE DETECTION TIME FOR DIGITS AND LETTERS 


205 


on Ss’ first day as compared to the 10-20 
msec/unit Min slopes found in the present 
study. This slope difference between the two 
tasks raises some very interesting possibilities 
for models of simple addition based upon the 
model proposed for the present digit inequality 
judgment task. For example, the counting 
model described by Parkman and Groen for 
simple addition assumes that somehow S finds 
the Max for the two addends and then com- 
putes the sum by setting a register equal to the 
Max and successively incrementing that regis- 
ter by an amount equal to the Min. It has 
been suggested (Parkman & Cavanagh, 1971) 
that S finds the Max in simple addition in the 
manner described by the model for the pres- 
ent Exp. I and that the later register incremen- 
tations are similar in temporal requirements to 
the counting behavior of the register in finding 
the Max. If this is true, then simple addition, 
which would involve two sets of register in- 
crementations by the Min, should be described 
by a Min slope twice as large as that found for 
the present digit inequality tasks. Such a 
result is indicated by the findings of the present 
study in conjunction with those reported by 
Parkman and Groen, although further work 
along this line needs to be done. 
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COMPOUND AND SIMPLE RESPON 


ES IN 


PAIRED-ASSOCIATE LEARNING ! 


JOSEPH L. YOUNG? 


State University of New York 
at Stony Brook 


T 


AND 


ROBERT L. SCHIFFER 


Isidore Newman School, 
New Orleans 


wo groups of 30 undergraduates each were run in a paired-associate list- 


learning experiment. These groups differed only in the responses used; one 


had the simple responses 1, 2 
XI, ХЭ, V1, V2. 


, 2, 3, 4, and the other, the compound responses 
The simple response group learned more rapidly. 


The 


components of the compound response were not learned all or none in the 
standard sense, but the correctness of the components, both in the learning 
and in the precriterion phase, showed some (though not total) dependence 
on each other. Suggestions are given for a view of the learning processes 


involved that encompasses these results. 


A difference commonly found between 
paired-associate learning experiments in the 
mathematical model tradition (cf. Atkin- 
son, Bower, & Crothers, 1965; Atkinson & 
Crothers, 1964; Bower, 1967) and those 
coming from other traditions (cf. Under- 
wood & Schultz, 1960) has been the choice 
of response terms. Those Es without an 
orientation toward mathematical models 
have typically used responses from ex- 
tremely large sets (e.g., nonsense syllables 
or short words), while those with such an 
orientation have typically used simple re- 
sponses from a small set identified before- 
hand to Ss (e.g., single-digit numbers or 
letters of the alphabet). 

Experiments using complex responses, 
such as nonsense syllables, require Ss to 
learn which nonsense Syllables are being 
used as responses as well as Which stimulus 
each response "goes with," In such a 
situation, it is difficult for E to force Ss 
to "guess," when they are unsure, and to 
work out the probability of their being 
correct when they do guess, requisites for 
analysis of the data with mathematical- 
model tools. The simple responses favored 
by mathematical modelers get rid of the 
problem of response learning and certainly 
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L. Young, Department of Psychology, State Uni- 
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ate re- 
author 
The project 
he National 


Ss and 
rate bY 
kirts 


make a guessing requirement for 
a priori assessment of the guessing i 
E simple enough, but their ee 
completely the issues involved in T 
complexity. Compound responses, пит“ 
color and geometric form, letter = alter- 
ber) in which the number of respons escap? 
natives is small and fixed alon ue 
from the problems associated A ile pef 
extremely large response sets W^ JexitY 
mitting the retention of some co™P 
in the structure of the response. 56 
Early work on compound respo” d 
inconclusive. Bower extended his f 
none conditioning model (Bower: 
to compound responses (Bower aw the 
The compound response model al ent? 
learning of the two response C 
to proceed totally independently: f se 
simultaneously, or to take on any 
kinds of partial dependence on je im 
depending on the parameter value спо“! 
The only published experime? eci 
to the authors that is concerne onse’ y 
with the study of compound a ed ү) 
paired-associate learning was Con ine i 
Crothers (1962).5 ! 


g was 


Ў ой 
кн ; 
у 96: His : иб, test red 
experiment,” involving only tW' a СО 
: " у a 
each item, with responses being the 


› 
* Another study, more similar to G en 
present experiment than to Crothers + | jittle r art 
by Bower (1967), but with relatively " g MS 

so that the questions raised in the pe dy ? 
notanswered. No data in the present * воме? pich 
with the analogous results reporte 
much of the present analysis goes bey? 
he reported. 
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(red, green, or blue) geometrical form 
(circle or triangle). His conclusion was 
that the components were neither learned 
independently nor as a unit, but rather 
that getting one component correct in- 
creased the probability of getting the other 
Correct. Subsequent work has made it 
clear that interpretation of Crothers’ ex- 
periment is difficult for two reasons. First 
of all, the most stringent test of Bower's 
Compound response model (Bower, 1961b) 
is its prediction of stationarity of response 
Probability and independence of the cor- 
тесїпеѕѕ or incorrectness of responses on 
Successive trials for each component sepa- 
rately prior to the last error on that compo- 
nent (Suppes & Ginsberg, 1963). The 
necessary chi-square tests cannot be applied 
to Crothers’ data, since these tests require 
а longer string of trials, such as occur in 


Standard list-learning experiments. Second, 
It was not known then, as it is now (cf. 
1967), 


Mkinson & Crothers, 1964; Bower, 
that Bower's (1961a) simple all-or-none 
Model does not fit data with more than 
two response alternatives. Thus the Suppes 
and Ginsberg (1963) chi-square analysis, 
u it could be performed on data like 
Бобев, would presumably pick up viola- 
lons of stationarity and independence 
Prior to the last error, at least with the 


color component. 
ES addition to the question of 
Site components are learned, a fur 
ion exists: How does the way com- 
(ропа responses аге learned compare with 
16 Way simple responses аге learned, when 
1е same total number of response alterna- 
ives are employed? 
le present experiment 
pes questions. One group of Ss bu. 
Dativ, a list-learning task with two A 3 
Henne" for each of two response сот 
Tas. A second group was given the d 
invo| but with single-component resp 
ving four response alternatives: 


how the 
a further 


investigated 


[ a response 15 
mponent 
ses 


ёту | 
This follows from the fact that i 
a particular co 


со 
г compound respon 


Nside 
19 оова correct whenever 
(Bo, ect, Bower's model foi n BE 
Moa 1961b) reduces to his simple soe 
ps (Bower, 1961a), to which Suppes and о, 

85 (1963) conclusions apply (cf. Bower, 


METHOD 


Subjects.—The Ss were 60 students from an intro- 
ductory psychology course at the State University 
of New York at Stony Brook who participated as 
part of a course requirement. They were assigned 
to two groups of 30, each group for one of the two 
experimental conditions. Two further Ss were dis- 
carded because of failure to follow instructions. 

Apparatus.—The E and 5 sat facing each other 
across a table, separated by a 30.48 X 91.44 cm. 
screen behind which E worked. Stimulus-response 
items were presented on 4 X 6 in. cards displayed 
above the screen. Each card was folded down the 
middle (into two 4 X 3 in. sections). The left-hand 
section (as seen by S) contained a three-letter con- 
sonant-vowel-consonant (CVC) nonsense syllable. 
The right-hand section section contained a letter 
and a number (Group 1) or just a number (Group 2). 

Design.—Each S was required to learn 12 stimu- 
lus-response items. Twenty-four heterogeneous 
CVC syllables (none having the letters X or Y) were 
selected; these had meaningfulness values from 
22% to 88% as tabled by Underwood and Schultz 
(1960). The 24 syllables were divided into two sets; 
each set was given to half of Group 1 and half of 
Group 2. For each group, the syllables were paired 
randomly with the responses, three stimuli to each 
of the four responses. Group 1’s four responses 
were the compound responses, X1, X2, Y1, Y2, and 
Group 2's four responses were the simple responses 1, 


2, 3, and 4. 
Procedure.—Each 


5, on entering the room, was 
en standard list-learning-by-anticipation instruc- 
To familiarize S with procedures, the actual 
eded by a practice task, involv- 
d in the experiment proper as 
A through D and the digits 
th practice task and actual 


experiment were done by the standard anticipation 
method. The timing of presentations for the initial 
trial (i.e., cycle through the list of 12 items) was às 
follows: stimulus for 3 sec., stimulus and response 
for 3 s interpresentation interval of 1 sec., and 
intertrial interval of 30 sec. On subsequent trials, 
the timing was the same, except that the stimulus 
was presented until S responded. During the inter- 
trial interval, E shuffled the stimulus-response cards 
in preparation for the next trial. Each .S was run to 
a criterion of two consecutive completely correct 


giv 
tions. 
experiment was preci 
ing syllables not use! 
stimuli and the letters 
5-8 as responses. Во 


trials. 
RESULTS 

The first item of interest in these data is 
the comparison of the overall speed of 
learning in the two groups. Beyond a 
shadow of a doubt, on any standard mea- 
sure of speed of learning, Group 2, the 
group with the simple responses, learned 
faster than Group 1, the group with the 
compound responses. Two measures will 
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Fic. 1. Group learning curves. 
P(Cr), Р(Сх), and P(CC) refer, 


letter components correct, their n 


suffice to prove the point: Group 1 took a 
mean of 12.57 trials to reach criterion, 
while Group 2 took a mean of only 8.33 
trials, 1 (58) = 3.64, р < .001. 
had a mean trial of last error 
averaged across all 5 items, of 5.50, while 
Group 2's mean TLE was only 2.82, 
t (718) = 9.58, p < .001. ` 
It might be argued that though 
simple responses in Group 2 
more quickly than the tot 
Group 1, they 
slowly, 


Group 1 
(TLE), 


the 
are learned 
al compound in 
might be learned more 
having four response alternatives, 
than the two-response-alternative number 
component (or letter component for that 
matter) of the compound. This, too, was 
not the case. The simple response of 
Group 2 (mean TLE = 2.82) was learned 
more quickly than the number component 
in Group 1 (mean TLE = 442, 1 (718) 
= 6.02, р < .001) and more quickly than 
the letter component in Group 1 (mean 
TLE = 3.61, 1 (718) = 2.79, Pp < .01). 
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P(Cy) GROUP | 


6 
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TRIALS 


д ы ses in Gr 

(P(C) refers to the proportion of correct responses uem 

respectively, to the proportions of items in Group nuo 
umber components correct, and both components cor 


oup 2: 
thelr 


Finally, it can be seen in Fig: i 
gives the learning curves, that the up 2, 
proportion of correct responses in di 
P(C), was higher on all trials bn ons? 
proportion of completely correct 1 ; trial 
in Group 1, P(CC). On the ear Sponsi 
Group 2's proportion of correct rect fe 
was below the proportion of co Я 
sponses on either component i ikeli@?, 
(P(C;) and P(Cx)), due in all f res e. 
to the differences in the number © guess 
alternatives and hence in the th J 
probability, but it climbed wi c fou 
portions for each component by | 
trial and remained there. "NE wh 

The next issue to be considere peor To] 
if anything, was learned in an ndam? vag 
manner. As noted above, the їп earl {0 
properties of standard аЙ =н rior 
are stationarity and independen 
the last error. 

The Suppes and Ginsberg 
square tests allow the testing О 


NUR 


T m. ] 


RESPONSE COMPLEXITY IN LEARNING PAs 


TABLE 1 


UPPES AND GINSBERG CHI-SQU. JALU] 7] E 

Si GID QUARE VALUES WITH ASSOCIATED 
E ASSO! 

DEGREES OF FREEDOM AND PROBABILITY VALUES 


Group 1 С: 
7 Compounds Renee боша Group 2 

= х? df | РА 4 df |? xt dí! xt df РА 
ndependence* 11.96| 1 | <.001 |1487) 1 
Indep e 7 7 T .001| 3.68 55 
orward stationarity | 1913 12 | <.001 |20.65| 12 |.06 | 12.55 15 [ar | 86] 9 |29 
ackward stationarity [1688| 10 | 08 | 4.87] 10 |.90 | 11.98) 10 29 |1304| 8 |11 

entquartlestitionarity.| == | 639| 3 |.09 | &32| 3 |21 |1591| 3 |.0012 


Note.—Chi "EN 
nificance Cli-aquare value for the Vincent quartile stationari 
А Мана отага stationarity x? made computa 

з for Group 1 computed on data prior 


es of stationarity and independence. 
given our tests, the results of which are 
pende pe Table 1, include a test for inde- 
ee nce and three tests for stationarity, 
nl ward, backward, and Vincent quartile. 
io gu ds are all performed on data prior 
аи ast error. The test for indepen- 
term} is a 2 X 2 contingency test to de- 
ones whether the correctness of the 
Tess y on Trial л depends on the correct- 
testy f the response on Trial n— 1, The 
to i stationarity are contingency tests 
Sie whether the proportion of 
of the responses differs in different parts 
ам prior to the last error. The 
stationa, „backward, and Vincent quartile 
оран tests compare, respectively, the 
Sive алар of correct responses on succes- 
On ga, id indexed in the standard fashion, 
Starti ASGeSSIUE trials indexed backwards 
error ng with the trial just prior to the last 
the iie in the four Vincent quartiles of 
i Reg prior to the last error. A ee 
ш chi-square in the test for DE 
of in iem renders untenable the hypot pos 
Sous аак while а significant d 
(nile in any of the three tests for ate 
9 AY renders untenable the hypothesis 
Ptationarity. 
vis dPPlication of these tests, 
awe pd in Table 1, pro 
ANd the ion. The responses H , m 
у ас е total compound response in оц 
in expected on the basis of their involv- 
Carr PLE response alternatives, Were not 
Ned in a standard all-or-none fashion; 


the results 


vides clear 
Group 2 


ation superfluous. 
to the last errors on 


ty measure for Group 1 compounds was not computed, since sig 


both letters and numbers. 


neither was the letter component in Group 
1. The presence of at least one significant 
chi-square value in the corresponding col- 
umns of Table 1 indicates the failure of 
learning to be all or none. The hypothesis 
that the number component was learned 
in an all-or-none fashion is still tenable, 
but it is parsimonious to believe, on the 
basis of the chi-square for independence 
which fell just short of the level needed 
for significance at the .05 level, that in 
that case too, learning did not proceed in 
the standard all-or-none manner. 

A third issue of concern is the dependence 
of the correctness of the components on 
each other in Group 1. First of all, on each 
trial, the proportion of correct responses 
on the letter component P (Cz) was higher 
than the proportion of correct responses 
on the number component P(Cx), which 
was in turn higher than the proportion 0 
correct responses on the compound P (CC) 
(see Fig. 1). Therefore, it is clear that 
there was not total and complete depen- 
dence of the correctness of the two compo- 
nents on each other; for if there were, 
P(C2), Р(Сх), and P(CC) would be identi- 
cal. Conversely though, since on each 
trial the product of P(C1) and P(Cx) 18 
less than P(CC) and since their equality 
would be required for independence of the 
correctness of the two components, 1t 1$ 
clear that some dependence existed. 

Dependence existed even in data in which 
at least one error on each component was 
vet to come. Including only such data, 
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the proportion of correct letters was .68 
when the number was also correct and 
only .53 when the number was incorrect. 
Similarly, the proportion of correct numbers 
was .63 when the letter was correct and .48 
when it was not. These differences were 
highly significant, X*(1) = 14.22, p < .001. 

Even the speeds at which the two com- 
ponents of a response were learned were 
highly correlated. To avoid a possible in- 
fluence of some sort of overall individual 
learning rate on such a correlation, for each 
S, a mean TLE for the compound response 
was computed. Then for each of the S’s 
items, the deviation of the TLE for the 
number and the TLE for the letter from 
S's mean TLE were computed. These 
deviation scores were correlated for all the 
S items, yielding r — .429, equivalent to 
t (358) = 8.99, p < .001, a highly sig- 
nificant value; thus it is clear that TLEs 
of the components for a single item tend 
to occur together, be they early or late 
relative to 575 learning of the list. 


Discussion 


The clearest result in these data is that the 
learning rate for compound responses is lower 
than that for simple responses. From a simple 
information-processing point of view, this re- 
sult seems surprising. In both cases, the re- 
Sponses were overlearned familiar symbols and 
carried 2 bits of information. In fact, the 
only real difference is that both bits were 
carried by the same symbol in the simple re- 
sponse case, while two symbols carried 1 bit 
each in the compound response case, It might 
seem according to this view that Segmentation 
of the information into discrete bits might 
enhance rather than Suppress learning in the 
compound response case, since $ would have 
done for him the work of segmenting the infor- 
mation into bits, part of the supposedly effi- 
cient strategy of operating on 1 bit of infor- 
mation at a time. Clearly, humans do not 
operate on 1 bit of information at a time in 
this situation. In fact, the existence of a 
second symbol, the letter, along with the 1-bit 
number in the compound response, seems 
to have retarded processing of the number 
below the level experienced by the 2-bit 
simple response number. The data suggest 
then, that each symbol is processed singly. 
regardless of its information content, and that 
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the existence of a second symbol саана D 
cessing of the first. Incidentally, the E 
interpretation is bolstered by unpu i his 
experiments done by W. K. Estes an E 
students some years ago at Indiana b do 
(W. K. Estes, personal comrüimication, ц 
1970.) They compared paired-associate tea, 


Я : :on in which 
ing of a standard sort with a situation bed d 
there were two correct responses, € that 


which would suffice on any test, and found Е 
Ss with two correct responses did phe. 
than those with the standard task; rocessing 
tence of a second symbol retarded pros ent 
of the first, as in the present уре not 
The precise reason for this retardation, aver 
clear, though it may relate to channe 
load or like factors. +. of the 
The results of the internal ашу conso- 
compound response group are certain о! 
nant with Crothers’ (1962) eondus e two 
partial dependence of the correctness О the fac 
components on each other. However no 
that the individual components see gnon 
have been learned in the standard all- e indi- 
fashion is troublesome. What seems tO mathe- 
cated is a view in accord with recent hort- 
matical model formulations involving have 
term memory states. What may ~ mponent 
happened is that learning of each rari fash- 
was all or none, but not in the stan“ |, 
ion (Bower, 1961a, 1961b). First Dong СОЛ 
dependence of a correct response ОЛ ther co” 
ponent on a correct response on the 9 oth indi- 
ponent prior to the last errors ОП t, seems 
cates that short-term memory, at pen or the 
to have been for the compound and p nal rive 
individual components, This indica olvin£ 
from the property, common to models rrec f 
short-term memory states, that. i u 
sponses prior to the last error are eit Eg 4 
or consequences of short-term o о 
ond, the correlation of TLE for the ug on 
ponents seems to indicate that thor И 
term learning may be all or none, its P com? 


^ e ; 
nent if the other component is or ÍS not 9610) 
as originally postulated by роне, ай p 
Clearly, the details of such a mo © pound ut 
Short-term memory state for the со огкеб Я 
Bower's notions, would have to be " 
in more specificity. 
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RETROACTIVE INHIBITION IN THE A-B, A-D PARADIGM 


MEASURED BY A MULTIPLE-CHOICE TEST! 


COLEMAN T. MERRYMAN? 


University of Texas at Austin 


In 1969, L. Postman and K. Stark failed to find retroactive inhibition (RI) 
in the A-B, A-D paradigm when performance was measured by a multiple- 
choice recognition test. "They concluded that specific B associations T 
highly resistant to unlearning. An alternative explanation, tested in ш 
present study, is that A-B associations do undergo RI, but petfarmanes on 
the multiple-choice test is mediated by backward associations. The pali 
of B terms as well as A terms with new items during interpolated learning 
(a procedure producing RI of both backward and forward associations When 
measured by a recall test) also produced RI of A-B when measured by a 


AS 


multiple-choice test, 


The results were discussed in terms of their relation 


to the question of differences between recognition and recall. 


One of the best established phenomena 
in the area of verbal learning is the decre- 
ment in recall of a response to a given 
stimulus following the pairing of the same 


stimulus with an unrelated response. That 


is, paired-associate (PA) training on A-D 
following training on A-B produces retro- 
active inhibition (RI) of A-B, the inhibi- 
tion being measured relative to an A-B, 
C-D control. Until recently, this RI had 
been theoretically interpreted as arising 
from two sources, competition between 
the B and D responses and unlearning of 
specific A-B associations during A-D train- 
ing (Melton & Irwin, 1940). 

The unlearning mechanism of RI 
been questioned by Postm 
Fraser (1968) and Postman and Stark 
(1969). These investigators presented data 
which they interpreted as indicating that 
specific A-B associations are not unlearned 
during A-D training. Rather, their data 
indicated that the whole set of B response 


has 
an, Stark, and 
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А -р 
terms becomes suppressed during Аш 
learning. Consequently, on the | wu 
A-B retention, the B items are TT 
able, and the A-B associations ote in 
still quite intact) are not man! tS о 
data. In other words, the а550 аре 
Stimulus A is a B item which is not aV* 
for recall. 

A simple experiment provid "— 
able support for this suppression $38 he 
sis. If, in the test to бее о 
strength of А-В following interes ab 
learning, the B terms are made ia e 
by means of a multiple-choice te?” 
no RI should be evidenced. 


Stark (1969) reported just such 2 vealed 
Although a typical А-В recall test ТЄ gig) 


ara r 
considerable RI in the A-B, A-D P& on a 


relative to A-B, C-D, performant? fect 
multiple-choice test was essential 
in both paradigms. 

Àn alternative explanation © he P 
man-Stark data is presented in 4, 
paper, an explanation based on soc 
thesized use of backward aS multiP cs 
to mediate performance on Ше! that n 
choice test. It is well establishec eat? o. 
concomitantly learn B-A as patior 
А-В paired-associate list. Fur о 
there is ample evidence irs 19 
(1967), Merryman (1969), e and P 
and Wolford (1969) that loyan ё (as 9^) 
ward associations can undergo * | ей! 4 
sured by the conventional S 
independently of each other. 
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N 
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b oue unlearning of specific A-B 
ка В-А associations, then correct 
A-B si on a multiple-choice test of 
iac nüón can be mediated by the still 
i t backward associations. 
Er explanation in terms of backward 
E is correct, then the pairing of 
(B.E) d response terms with new items 
‘Ghee A-D training should produce 
E of both forward and backward 
test a pE therefore, a multiple-choice 
siderable a retention should reveal con- 
id the AE relative to both the A-B, A-D 
not diffe р ‚ C-D paradigms, which should 
(tap r from each other. These predic- 
ere tested in two experiments. 


METHOD 


йг 

dun and brocedure.—Each S,ina within-Ss 
method pened a PA list (A-B) by the study-recall 
trials оа criterion of one perfect recitation or 
Presented whichever came first. Materials were 
tate duri via a Lafayette memory drum at a 2-sec. 
геса c id study and recall cycles. Study cycle- 
Were 2 d and recall cycle-study cycle intervals 

Upon г 6 sec., respectively. . x 
tions ee criterion, Ss received brief instruc- 
In the ae List 2, which was then presented 
continued t manner as List 1. Training on List 2 
"апа for ne the same criterion as in List 1 in Exp. 
ре; 5 trials for all 5s in Exp. II. А 
Paired ку of the List 1 pairs, the stimuli were 
Correspo Ч 1 new respons n List 2; those pairs 
thirg Sd to the A-B, A-D paradigm. For another 
respons the List 1 pairs, both the stimuli and 
they С es were paired with new responses in List 2; 
Paradis. be referred to as the A-B, A-D & B-E 
1 opa (That is, in the A-D & B-E paradigm 
“esponses. both the List 1 stimuli and the List 1 
eW re, es were used as stimuli and were paired with 
the | ке terms.) For the remaining third of 
аррос pairs, neither the stimuli nor responses 
le ser in List 2, so those pairs served as controls. 
Paradien of List 1 pairs that corresponded to each 
Pollo п was counterbalanced. 
Multipl Wing criterion on List 2, a one tr ‹ 
Was Ligne? test of retention of the List 1 pairs 
ata tir ministered. Index cards were presented one 
Was o; me in random order. On the left of each card 
the 21е A term and on the right were four B terms, 
terms all being the response members of 
тот the same paradigm as the presented A 
ihe S was asked to choose the correct B 
m among the four presented. 4i 
he 


M, К T 
A an férials—Each list consisted of 12 pairs. 
1 the B and 


ne-trial u npaced 


term f 


terms © terms were single letters, anc l 
horn were four-letter monosyllabic nouns with 
AA. W ithin & 


dike-Lorge ratings of A and 


TABLE 1 


PROPORTION O 
N OF CORRECT RESPONSE: 
R NSES (CORRECTE 
FOR GUESSING) ON THE MULTIPLE- ш 
Сно1сЕ Test 


Paradigm 
Exp. 
A-B, A-D 
SEE | A-B, A-D Control 
I 16 94 
I 80 96 : oF 


list, no two nouns began with the same letter and 
no word began with any of the single letters used. 

Subjects—For Exp. I and П, respectively, 45 and 
48 female undergraduates at the University of 
Texas at Austin served as Ss. 


RESULTS 


First-list learning—Pairs subsequently 
designated to the three paradigms did not 
differ significantly (Fs < 1) in first-list 
learning in either experiment. Mean errors 
to criterion were 16.2, 15.4, and 16.0 in 
Exp. І and 18.3, 18.0, and 18.7 in Exp. II 
for the A-B, A-D, the A-B, A-D & B-E, 
and the control paradigms, respectively. 

Second-list learning.—The three kinds of 
second list were (а) B-E, (b) 
nding to those pairs which 
(denoted A-Di.g), and 
(c) A-D corresponding to those pairs which 
did not receive B-E (denoted A-D). Mean 
14.4, and 14.6 in Exp. I 
Exp. 1I for the 


pairs in the 
A-D correspo 
also received B-E 


errors were 11.1, 
and 10.8, 16.2, and 15.5 in 
B-E, А-Ов.в and A-D pairs, respectively. 
These differences are significant in both 
experiments, F (2, 88) = 10.3 and F (2, 94) 
= 16.5 for Exp. I and II, respectively, 
(ps < .01). Neuman-Keuls tests revealed 
that both the A-Ds-e and A-D pairs dif- 
fered from the B-E pairs in both experi- 
ments (ps « .01) but not from each other 
(ps > .05). Y | 
Multiple-choice lest.—Of primary impor- 
tance are the results of the multiple-choice 
test, and these results are very clear. The 
proportion of correct responses (corrected 
for guessing) for the three paradigms are 
presented in Table 1 for both experiments. 
Performance in the A-B, A-D and the 
control paradigms was virtually perfect, a 
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result compatible with that of Postman 
and Stark (1969); but performance follow- 
ing A-D & B-E List 2 training was greatly 
reduced. Analyses of variance confirm the 
obvious, F (2, 88) = 17.4 and F (2, 94) 
= 17.7 for Exp. I and Il, respectively 


(bs < .01). In both experiments, Neuman- 


Keuls pair-wise tests show performance in 
the A-B, A-D 


& B-E paradigm to be in- 
ferior to each of the other paradigms 
(ps « 01). The difference between the 
latter two paradigms did not even approach 
significance. 


Discussion 

The results su 
make use of b 
during first-list 


pport the hypothesis that Ss 
ackward associations formed 
learning to mediate perfor- 


A-D training, 
with a suppression hypoth 
difficult to imagi 
would suppress / 

-Е paradigm i A-D 


i 10t in recogniti 
£4. Kintsch, 1970), 7 ie 


he present 
study demonstrates that RI is obtained pn 


e 
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it the 
multiple-choice recognition test Mee 
strength of the mediating backwar 
tions is reduced. 
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MEMORY SEARCH THROUGH CATEGORIES OF VARYING SIZE! 


Each of three groups of 5s memo 
zodiac, United States Presidents, 
After memorizing the list, 5 was requ 
a specified letter. 
letter designated 
In every case, th 


ve. 


Three letters were s 
a different number of target names within the category. 


e cumulative distribution of response times was described 
The parameters of the fitted curve estimated the 


WILLIAM METLAY,; ALBERT HANDLEY 
Hofstra University 
AND IRA T. KAPLAN 
New York University Medical Center 
rized a different list of names: signs of the 


and states of the United States of America. 
ired to write all the names that contained 


pecified for each category, and each 


by an exponential curve. 
S could recall, and the proportional rate at which this 


number of targets that 
limit was approached. 
pendent of the number of targets, 


of names in the category. 
search model of verbal recall. 


| : When S lists all the words he can recall 
En à specified category of information 
Hoe in his memory, his response rate 

^ reases as he exhausts his supply of re- 
allable words. Bousfield and Sedgewick 
си) showed that the cumulative dis- 
bution of recall times can be described 

by the negatively accelerated exponential 


Curve 
F-eTQ-e", [1] 


i» E- Fis the number of responses given 
recallabs t, T is the total number of words 
resp able, and p is an index of the relative 
b үле rate, i.e., the larger the value of 
its пе more rapidly the curve approaches 
Upper limit, T. 
Why Priori, there is no ma 
ed and T should be re 
an Ша studies of verbal recall have ; 
Jot verse relation between them (Johnson, 
upon, & Mark 1951; Rogers, 1956). 
19? 5 Quent studies (Indow & Togano, 
1010; Kaplan, Carvellas, & Metlay, 1969, 
хра; confirmed this inverse relation Т 
| vhi ained it in terms of a search mode in 
ich S scans a memory display for target 


thematical reason 
lated, but experi- 
ave shown 


1 Ti 5 
1 his i NS 
Уа investigation was supporte 
0035 Public Health Service Research Gran 
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Мы еачезі 1 be sent to William 
M s for reprints should d era Е 


The proportional response rate 
but varied inversely with the total number 


These results wei 
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was found to be inde- 


re expalined in terms of a random 


words. The targets are selected randomly 
from a larger number of items on the dis- 
play, and the relative response rate varies 
directly with .S's scanning rate, k, and 
inversely with the total number of items, 


N, i.e., 
k 
p = =. 2 
} N [2] 
anation, the inverse 


According to this expl 
T observed in the 


relation between p and 
above experiments occurred because the 
manipulations that increased the number 
of target words also increased the number 
of items in the search set. 

The present experiment was designed to 
test the hypothesis that р depends directly 
on № rather than on T by manipulating 
the number of target words and the total 
number of items in the search set inde- 
pendently. The procedure was similar to 
one described by Anderson (1969). Spe- 
cifically, Ss memorized à list of items, 
which they then searched for target words 
that contained a specified letter. The 
number of items, JV, and the number of 
targets, T, in the list were varied in order 
to observe the effects of these variables on 
the proportional rate, p, at which the 


targets were found. 
METHOD 


e Ss were 34 students in three ex- 


Subjects —Th 
hology classes of 12, 12, and 10 


perimental psyc! 


| 
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15 
L4 
wie 
o 
z 
o 
59 
ш 
[3 
бб 
щш 
35 
z 
zm 5 6 
S ! TIME (MIN) 
Fic. 1. Cumulative number of target names 


found as a function of time for the three Presidents 
conditions. (For the upper, middle, and lower 
curves, the targets were names containing the letters 
е, s, and y, respectively.) 


students at Hofstra University, Each class was 
tested as a group with a different category of names. 

Procedure.—1n the first part of the experiment, 
‘Ss studied the names in one of the following three 
categories: the 12 signs of the zodiac, the 32 dif- 
ferent surnames of United States Presidents, or the 
50 states of the United States. When Ss entered 
the classroom, the names in cach category were 
already printed in random order and in random 
locations, ie., not in rows or columns, on the black- 
board in front of the room. Then E read all the 
names in the category aloud in random order. As 
each name was read, 5s found it on the board, read 
it aloud, and spelled it in unison. After this oral 
rehearsal was completed, Ss were instructed to 
write on sheets of Paper all the names they could 
recall in any order, without looking at the black- 
board. The procedure of oral rehearsal followed by 
written recall was repeated until every S learned 
most or all of the names of his Category. For the 
zodiac, Presidents, and states categories this proce- 
dure was repeated three, five, and three tir 
spectively. The import; 


ance of correct spell 


nes, re- 
emphasized throughout. 


ing was 
In the second 
quired to recall c 
had just learned, after the names w ere erased from 
the blackboard. The target names esignated 
Y specifying one letter of the alphabet that was 
common to all of them, €g., in the zodiac conditions 
the letter n designated Gemini, Cancer, and Capri. 
corn. At the beginning of this Part of the experi. 
ment each 5 received three sheets 9f paper face 
down. On instruction, 5 turned the first sheet over 
to see the letter that indicated the names he was to 
write on that page. The names were Written in a 
column one beneath the other. To mark time on his 
answer sheet, S drew a line under his last response 
at a signal that E gave every 30 sec. TI 
sponded for 5, 6, and 8 min. in the zodi 
and states conditions, re: 
sheet was coll i 
with different l 


part of the expe 


riment, 
ertain names fri 
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А га given 
Sheets. The number of names дыка а е 
letter varied: In the zodiac angen Кр Бай 
indicated 3 names, s, 6 names, anc h К Ао» 
for Presidents, y indicated 5 names, dg ames й 
and e, 15 names; for states, & indicate lettere 
15 names, and a, 36 names, The three le different 
each 5 was tested with were presented to 

Ss in counterbalanced order. 


RE 


in 

» names 1f 

After the last rehearsal of the i of the 

a category, Ss recalled all 12 tss 
zodiac in 3 min., all 32 Presidents' su ; 


es 1n 
Е À 4 states 
in 4 min., and an average of 48 st 
11 min. 


ULTS 


ames 
When S was required to list the ue 
that contained a specified letter, Berio 
ber of responses was limited by w^ 
of target names he had learned. ^ fre- 
Shows how the cumulative respon urget 
quency approached the number o Each 
in the three Presidents conditons а o! 
point represents the average num graph 
responses for 12 55, "The curves О py an 
of Equation 1 which were tte ized the 
optimization procedure that Bun were 
sum of deviations squared. Ther condi- 
5, 11, and 15 targets in these three near bi 
tions and the response frequencies 
reached these levels within 6 m. 
estimated limits, T, of the fitted d 
were approximately equal to mw 
number of designated names in ud 
dition, i.e., 4.97, 10.82, and 14.74. ` cond! 
results were obtained in the zodiac. ig 
tions, where the actual numbers po 
nated names were 3, 6, and 9, @ 


> an 5.809 d 
Corresponding T values were 2.90, khe 250 
8.44 s 


ө EN 1005. its 
ative frequency distributi at ii a 
DAL E i ifferer : 
these distributions rise to differ ‚ mae 


s д an be ; 

Differences in relative rate can A v 
s jd bere" үе 
*The authors are grateful to M. ce comP 

Kern, and J. Neiditch for writing t 

Prog: 


Е s. 
ram that calculated the fitted curve 


жааан. 
4 a >... a 


MEMORY SEARCH AND CATEGORY SIZE 


[yàp one however, by plotting cumu- 
E сз as percentages of their 
ih He D. wh values. This has been done 
min where Abe cumulative percent of 
for B. is plotted as a function of time 
онен "yw three different p values. 
Чоп» : : p were obtained for all con- 
oui ont ле experiment by fitting Equa- 
Druso т data. То show the separation 
Beat ае тоге clearly, only the 
tine ioe ol responding have been plotted, 
ет s d min. the three curves nearly 
тете; Ё i he zodiac curve, which has the 
E re А ran p value of 2.20/min rises 
ing e У апа reaches 80% of its limit- 
уе x T about .75 min. | ll he Presidents 
AM E ith p equal to, 1.05/min, takes 1.5 
T ao the 80 To level, whereas the 
Bin, he istribution, with p equal to 61/ 
Gis as the shallowest slope and requires 
TI . to reach the same level. 
буе di relative rate at which each cumula- 
E ho o approached its limit was 
Ais Ie of the total number of names in 
ает In the zodiac condition, 
the Р, = were 12 names in the category, 
Dor were 3.83, 1.99, and 2.20 per 
values 205 3, 6, апа 9 targets. The р 
gory x. A lower for the Presidents cate- 
5 ees aa had 32 names: for 9, 11, and 
Mikes 5 p was 1.10, 1.23, and 1.05 per 
50 m. ш. the states category, which had 
finite es, p was 77, .61, and .42 per 
ж in the 9-, 15-, and 36-target con- 
Thus, there was no 


diti 
ons а 
ns, respectively. 
umber 


m 
of natie variation in p with the nui 
as Шо? but p did decrease systematically 
fice, number of names in the category 
eased. 
wie $ 'YPothesis that p va 
agains can be tested by 
c St log N. Taking the 
luation 2 yields 


wies inversely 
plotting log P 
logarithm of 


n log p = log k — log N- [3] 

SSum; 
ene that the scanning rate, k, was 
Stant across the conditions of this ex- 
log A 


of log p versus 
with intercept 
==], he 
d to equal 
as able to 


эе 

ie ad a graph 

des be a straight line 

Magni to log ё and a slope of 

the itude of Ņ can be assume 
number of items that 5 Wi 


e 
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Е. 
2 
ш 
о 
a 
ш 
a 
А 
o + = А 
2 3 4 5 
TIME (MIN) 
Fic. 2. Cumulative response frequency as a 


percentage of the limiting number of targets re- 
callable. (The three curves represent the results 
obtained searching for zodiac names with the letter 
t, Presidents’ names with the letter e, and states 


with the letter ¢.) 


list on the last recall test before he searched 
for target words: for the zodiac category 
N = 12; for Presidents, N = 32; and fon 
states V = 48. In Fig. 3, the p values 
obtained for all nine conditions are plotted 
against their corresponding № values on 
log-log coordinates. The straight line, 


fitted by the method of least squares, 
has the equation log р = 1.53 — 1.02 log N. 
The slope of — 1.02 is in excellent agree- 
ment with the expected theoretical value, 
and the antilog of the intercept indicates 


that S searched his memory at the rate of 


34 items/min. 
DISCUSSION 

The rate at which S retrieved target words 
from a category stored in his memory depended 
upon the number of items in the category: the 
larger the number of items, the slower the re- 
call. This result is consistent with Shiffrin 
and Atkinson's (1969) description of recall as 
arch process in which a succession of mem- 
ory codes is examined one after another and the 
information recovered is either rejected or ac- 
cepted. Response latency is an increasing 
function of the number of images examined 
before the desired information is found. It 
follows that when S has to search through a 
larger set of stored codes, it takes him longer 
to find the desired item. 

The random search model is a simplified 
description of verbal recall. It assumes that 
every item in the search set has an equal chance 


а se 
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0.4 


-0.4 Lo 1.4 
LOG N 


Fic, 3. Log proportional response rate, p, per 
minute versus log total number of names recallable 
in a category, N. (The nine data points were 
obtained Searching for zodiac names with the 


letter n, i, or s; Presidents with 5, у, оге; and states 
with k, t, or a.) 


of being selected for examination at any mo- 
ment, and that the time spent making a ге- 
sponse, i.e., motor time, is negligible. Neither 
of these assumptions is entirely true. It has 
been shown that the response probabilities of 
the names in a categor 

& Carvellas, 1969) an 
of successive response 
orized set of w 
ving, 1962b). 


n of recall 
of relative re- 


Роп category size, 

f recall were completely random, there 
would be no consistency in the order in which 
the target words w i 


responses in a са 
Zodiac condition, 


order of emission was Sagittariu 
Scorpio, Aries, Taurus, and Pisce: 
ranks of 1.9, 3.4, 3.5, 3.6, 4.0 
effects are apparent j 
Were typical of the ot 
First, the Words that 


tegory. In 
for example, 


the initial letters of Words aids 
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Z Wi s 
recall (Earhard, 1967). Second, many жоу 
had nearly tied ranks, which yen recall 
there was no consistent sequence in thei 

T ; ll 
“т might be imagined that Ss tried pie 
the words in alphabetic order, since awe 
(1962a) showed that i ain se sn fact) 
alphabetic order facilitates үштеуар Sod 
there was a correlation between the a This 
order of emission and alphabetic order. ue 
correlation was only pc .03 m un 
example, but went as high as r — itum of 
an average of r = .30 for all the condi (1970) 
the experiment. Indow and Togano catt 
demonstrated that systematic memory КЕНШ 
produces a linear rather than ап ee à 
distribution of recall times. The deed 
organization in the present study was ave 
ciently small, however, in that the сип 
distributions were nearly exponential in Ke 

The effect of motor time would be to ТЕРҮ 
down the rate at which S finds targets, са 
decreasing р. The more targets in a con Il the 
the larger the value of Ф. In nearly " few 
experimental conditions, S wrote only of re- 
words per minute after the first minute spent 
sponding, so that most of his time Hir 
in memory search, selecting and testing a the 
rather than in writing targets. Only H iore 
States condition with 36 targets were first 
than 4 targets/min produced after the rate 
minute. In this condition, the relative ise 
was indeed the lowest in the states cate 
Among the nine conditions, there were gets 
' -E 
Was associated with the lowest P value (^ 

the 
А s-K 
me is 


wo cases 1n 
*St targets were associated Ме 
highest 5 value in à category (Z-N жт 
in Fig, 3). ‘The influence cf motor ктай 
clearly visible їп the data, but it is much $ spite 
than the effect of Category size. Thus, aa o 

of its simplifying assumptions the ro istri- 
Search model described the cumulative antlY: 
bution of recall times and, more significa” 


e 
о 1 уаг! 

Predicted how the relative response rate 
with the number о 


f items in а category- 


the few. 
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COMPARISON OF RECOG 


NITTON AND RECALL 


IN A CONTINUOUS MEMORY TASK 


GEOFFREY R. LOFTUS? 


Stanford University 


Differences between recall and re 
part to differences in the way 
plored in a paired-associate learning task 
of study of how he would be tested on a 
was found that when S knew how he w 
better on recall but worse on rei 
would be tested. These results w 
differences in storage processes [ 
ance differences. 
and long-term memory provided 

possible storage strategies for recall 


Studies comparing recognition and recall 
have found performance differences be- 
tween the two. When raw scores are con- 
sidered, recognition is generally superior to 
recall (Freund, Brelsford, & Atkinson, 
1969; MacDougall, 1904; Postman, 1950; 
Postman, Jenkins, & Postman, 1948, 
It can be assumed that this superiority is 
due, at least in part, to differences in 
Processes taking place at the time of 
retrieval; in particular, the probability of 
guessing the correct response is higher in 
recognition than in recall. The major 
Purpose of the present experiment is to 
investigate the extent to which recall- 
recognition differences in а paired-associate 
task may be attributed to differences in S's 
method of storing information, 

À convenient Way to с 
investigation is to vary S's knowledge at 
the time of study of how he will sub- 
sequently be tested on Some item, Jf he 
lacks this knowledge, S will be lorced to 
study all items in the Same way, ang re- 
call-recognition differences on such items 
Must be attributable to retrieval Processes 
alone, Having the knowledge, on the other 
hand, enables $ to store information differ- 
entially for recall and for recognition jf he 
50 desires. In the present experiment there 
are three conditions under which 5 may 


arry out such an 


! Requests for reprints should be sent to 


G " 
Loftus, now at New York University, off rey 


Depart. 
ment of Psychology, 707 Broadway, New We 
New York 10003, ^' ER dient Fork, 
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cognition performance may be due at least in 
nformation is stored 


possibility was ex- 
by varying S's knowledge at the time 
particular stimulus-response pair. It 
vould be tested, his performance was 


cognition than when he did not know how he 
ere interpreted as support for the assertion that 


partially account for recall-recognition perform- 
A model which postulates 


a distinction between short-term 


an excellent fit to the data and suggested 
and recognition. 


study an item: (a) He may study with ks 
knowledge that he will be tested by eer, 
items in this condition are recall (Re) ^l be 
(0) He may study knowing that he wa di: 
tested by recognition; items in аи 
tion are recognition (Ro) items. (с) E 

S may study knowing that he will be Us not 
either by recognition or recall Un НОП 
knowing Which; items in this. conc ve 

tested by recognition are recognition tl are 
(RoM) items, and those tested by reca" fo 

recall mixed (ReM) items. Consider. us 
performance When tested on the hg ж 
types of items: If Ro does not differ fro , 
Ком апа Ве does not differ from per 
the implication is that storage differen” - 
are not necessary to account for ap 
recognition differences, To illustrate Wg 
this is so, consider 
which we 
schemes, 1 
any devic 
for subse 


a storage operato а 
use to represent various r moet: i 
mnemonic coding and, in gration 
e used by 5 to store informa ор 
quent retrieval. The applica” 


e + patio 
of S to an input I represents нн Er 
Stored in memory, S(I). Further; mory 
retriey; 


al Operator, R, represents meon 
search, Processing of stored informa t, 
and output of г 
pplication 
Produces out 
of 


esponse at the time О ation 
of R to stored infor: ity 
put 5, which is the pros (^ 
& Correct response; i.e, p = Ё 
For each of the 
there is 


“ons 
diti are 
al, 
the 


three study com 
а storage operator; аре 
d S,, 5ш, and S, for Г 
recognition, and mixed. Similarly, for 


designate 


RECOGNITION AND RECALL IN CONTINUOUS MEMORY 


two test conditions there are retrieval 
Operators, В and Ryo for recall and recog- 
nition. Thus performance of the four types 
of output may be represented by: 


Ro—pro = Rro(Sro(I)) 
RoM—pro = Rro(Sm(I)) 
Кел/—рьм = R«(S (D) 

Re—pre = Rre(Sre(L)) 


I py, = Prom and 


if Pre = Prem, then we 
May 


and conclude that Sr is the same as Sn 

d that S, is the same as Sm. Thus 

Bs S, are identical, i.e., storage is the 
1С lor recall and recognition. 

his paradigm was used by Freund et al. 


t H . 
(1969) using paired-associate lists learned 
Y the anticipation method. Their findings 


wi that recall-recognition differences 
and BE to retrieval alone; for both recall 
recognition, varying S's opportunity 
ed differentially did not lead to per- 
ver псе differences. : Their design, how- 
„>° May have been biased against finding 
differences for several reasons. 

Tecog their _bwo-alternative forced-choice 
tom Боп „test did not differ greatly 
“ nine-alternative forced-choice 
twere ам Second, and more imponan 
“регу Siven all conditions within a single 
St ental session. The S would first 
У ап item with the information that it 
This was fol- 


m , 


en by a “test unknown" item. 
era dH then begin again with another 
item. To store differentially, S 
ave to change his method of study 
Os; ipe ent-to-moment basis. lt is quite 
Witch; that this strategy of constant 
"pz. 8 is too difficult to use. 
he n Present study was similar in design to 
haq у ЧЧ et al. (1969) experiment but it 
test eis Important changes. (a) A yes-no 
Set, 8 Used for recognition. The response 
hug sisted of the letters of the alphabet; 
recall” was essentially from 26 alter- 
E It was expected that these two 
Stray; V9uld be more effective in demon- 
than TE recall versus recognition differences 
°з 16 2- and 9-alternative forced-choice 
"Sed by Freund et al. (1969). (0) 
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Within an experimental session, S was in 
only one study condition: recall, recogni- 
tion, or mixed. A single storage strategy 
could therefore be used throughout a session 
without eliminating the possibility of stor- 
ing differentially as a function of condition. 


METHOD 


Subjects.—The Ss were eight female graduate 
students who received $2.00 for each session. 

Apparatus.—The control functions of the experi- 
ment were performed by a computer program run- 
ning on an on-line, modified, PDP-1d computer man- 
ufactured by Digital Equipment Corporation. The 
program operated on a time-sharing basis to drive 
eight KSR-33 teletypes which were situated in a 
single, windowless, soundproofed room in another 
building. ch S sat at a teletype equipped with a 
standard keyboard and a continuous roll of paper, 
ed in such a way that a horizontal strip about 
3 in. wide was all that would be seen at a given time. 

Procedure.— he stimuli were the digits 1-9, and 
the responses were the 26 letters of the alphabet. 
The served in one experimental session per day 
which took approximately 60 min. A within-Ss de- 
sign was used; each S was in each of the three ex- 
perimental conditions five times and was in only 
one condition per session. The experimental condi- 
tions for each У were randomized over sessions, with 
the restrictions that she would be in all three condi- 
tions over a three-session block and would never be 
in the same condition for two sessions in a row. 
‘h S had one initial practice session in the mixed 
condition. 

A ion started when S hit a code key on the 
telety} The teletype would then print out what 
type of condition S was in for that day: recall, recog- 
nition, or mixed. А continuous task was employed: 
the nine stimuli were initially paired with randomly 
selected. responses, and then the test-study trials 
which constituted the bulk of the session began. 
A stimulus to be tested was chosen randomly; in 
the mixed condition the type of test (recall or recog- 
nition) was determined randomly. The 5 had 30 
sec. to recall the correct response and type in the 
appropriate letter in a recall test or, ina recognition 
test, had 30 sec. to type one of two special keys 
marked "yes" or "no." In recognition tests, the 
program randomly decided whether to present the 
correct response or a foil with the stimulus; if a 
foil was chosen, it was picked randomly from the 25 
incorrect letters. If S was correct, feedback in the 
form of “+ + +” was printed out; if she was in- 
correct, “= — —" printed out. The stimulus 
would then be aired with another response 
chosen randomly with the restriction that it could 
not be the one which had just been the correct re- 
The 5 was given 2 sec. to study the new 
pairing after which two carriage returns caused all 
typed material to disappear behind a mask, and 5 
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sponse. 
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PROBABILITY 
OF A CORRECT RESPONSE 


o2r 


PROBABILITY 


OF A HIT OR FALSE ALARM 


° АБЕ 


ар 
8 0 2 4 
ў tacs 
Fic. 1. Top panel— Probability correct as a func- 
tion of lag for the Re, Ro, ReM, and RoM condi- 
tions. (Bottom panel—Hits and false alarms as 
functions of lag for the Ro and RoM conditions.) 


Was again tested on a stimulus chosen randomly 
from the set of nine digits. This procedure contin- 
ued for 300 trials. At all times, S's task was to 
remember the last response with which each stimulus 
had been paired. It should be emphasized that the 
Program allowed each 5 to go at her own pace. 
After 5 responded to a test (or after 30 sec.) the 
Program continued, and S's feedback and the new 
Pairing were immediately printed out, 
In this type of continuous-t; 
of an item being tested is 
test-study trials wh 


ask Paradigm, the lag 
number of 
ned since the 
Ј of selecting a 
sina geometrically de 
tested over lags. 
after being studied with prob- 
stimulus to be tested is chosen 
, and, in general, the probability. 
ag is equal to is (8/9): (1/9). Since the 
stimulus of interest is not chosen 7 times (each time 
with Probability 8/9) and then is Chosen with 
probability 1/9. 


creasing 
An item is 


RESULTS 

It has been found in 
using a Continuous task 
Brelsford, & Shiffrin, 196 
warm-up takes place 
session. For this reas 
first 25 trials of each 


previous Studies 
(e.g., Atkinson, 
7) that a slight 
at the beginning ofa 
on, the data from the 
session were excluded 
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i additi the 
from the data analysis. In po ud 
first session of data from each S we 


i a practice ` 
cluded, since this was regarded as a p 


session during which Ss were adapting to 
the task and the equipment. ents the 
The top panel of Fig. 1 Loci func- 
probability of a correct тараи а RoM 
tion of lag for the Re, Ro, ReM, a ith in- 
conditions. All curves decreased "all per- 
creasing lag as expected, and over de 1 
formance was quite good. Even на far 
intervening items, performance wä recal 
above the chance levels of .04 for Ex. 
and .50 for recognition. For purpose are 
analysis, the recognition um гё 
broken into “hits” (the probability pia ps 
sponding "yes" given that T s alarms 
sponse was presented) and false. 2» given 
(the probability of responding | yoa vole 
that a foil was presented). These ae 
abilities as functions of lag are Pile the 
in the bottom panel of Fig. 1. W gs the 
hit curves appear to steadily decreas eadi 
false-alarm curves rise to an pede ae 
about Lag 2 or 3 and then remain there 
Stable. For the Re and Ro curves, ci 
are about 1,100 observations at LAE iie 
Accordingly, for the ReM, RoM, an ading 
hit and false-alarm curves bip: c 5 
to the Ro condition, there are арп. ла 
observations at Lag 0, and for the pu the 
false-alarm curves corresponding bo ob- 
RoM condition, there are about 4 
servations at Lag 0, ~t that 
Of crucial importance is the m oM 
differences exist between the Ro an eM 
curves and between the Re and nce& 
curves. In order to test these gem а 
the response probability, pooled A eac! 
lags, was computed for each S pr а! 
Curve. То compare any two а, ' For 
test for matched pairs was performed: 


M: 
Re versus ReM and for Ro pie 107) 
both these tests were significan ^ 9s, 


= 2.35, р = .05 and (7) = 2.84, P < be 
The two hit Curves were foun 02: 
significantly different, (7) = 2.75, P Нег 
but the false-alarm curves did no his 
significantly, (7) 2.65, p> 20. an ШИ 
indicates that the difference aot rr 
two recognition conditions is d' 
marily to the hit rates. 


A problem in interpreting these results 
arises from the fact that the nature of the 
activity intervening between study and 
Es of a given item differed in the various 
Conditions. Only recognition tests inter- 
Vened in the recognition condition and only 
recall tests intervened in the recall condi- 
tion, while both types of tests intervened in 
the mixed condition. Conceivably, the 
Шегепсеѕ between the Re and ReM items 
and between the Ro and RoM items could 
2 explained by assuming that a recognition 
al Produces more interference than a re- 
the bia : To investigate this possibility, 
e ollowing analysis was performed: In 
whi red condition, items were examined 
à had either all recall or all recognition 
КР intervening between the time the item 
S studied and the time it was tested. 
oris items were further subdivided ac- 
been ng to whether they themselves had 
"or ‚ tested by recall or by recognition. 
о s tested by recognition, the re- 
respects probabilities were .801 and .824, 
(«D ectively, for all recall or all recognition 
call” туеп: For items tested by re- 
; 09. e corresponding probabilities were 
ted -606. Neither the main effect of 
Activin ne activity nor the Intervening 
Proache x Type of Test interaction ap- 
Pena significance (both. Ез < D. 
Cop. рге, the notion that intervening 
Я Enition tests generate more interfer- 
e fn intervening recall tests cannot 
Т to explain the present data. 3 
su, € Main results of this study provide 
пороге Гог the notion that storage = 
Contr, St between recognition and recall, 
(По ТУ to the findings of Freund et al. 
teed” In terms of the notation intro- 
арра above, the storage operat, Зь 18 
tu "n M RA more efficient than Sin w hich in 
What etter than 8,0. The latter is some- 
tha, jUrprising since it might be expected 
tig, "5 Would be better at storing informa- 
to м ten they are aware of the type of test 
15 not 1Ріоуей. This hypothesis, s wp 
het ët Supported by the fact that RoM is 
=) than Ro, 
din pn the present experiment, — 
Эре Ces between recall and recognition 
quite clearly. It is now of interest 
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to make a somewhat more detailed exami- 
nation of processes occurring at the time of 
retrieval. 1t has been shown (Freund et al., 
1969) that when storage factors are held 
constant, the relative superiority of recog- 
nition versus recall is highly dependent 
upon the type of procedure used to correct 
for the disparate guessing rates between the 
types of test. In the present experiment, 
application of two such procedures illus- 
trates this dependency. The first, which 
has been used frequently, is to assume that 
if S does not know the correct answer, he 
guesses randomly among the response alter- 
natives (Hilgard, 1951). In this case, let 
the probability of knowing the correct re- 
sponse be p’. The probability of not know- 
ing the correct response and guessing cor- 
rectly is (1 — 26) where № is the num- 
ber of response alternatives (in this case, 2 
for recognition and 26 for recall). The ob- 
served probability correct, p, is then 


p=p'+ = 27 y Р) * 


In terms of our analysis, ^ = R(S(D), this 
correction for guessing is now regarded as 
follows: Whereas it was assumed above 
that R encompassed both recovery of infor- 
mation from memory and response pro- 
duction, we postulate a new operator, RS 
to be only the former process. In other 
words, R'(S(I) corresponds only to re- 
covered information and can be identified 
with p’. Now let G’ be the p’ to p transfor- 
mation described by the above equation. 
Thus, 


G'(p^) 
G'(R'(S(D). 


1 


р 


1 


Since G’ transforms $’ to p, (G^) may be 
applied to observed values of p to obtain 


р = (G) (p) 
= R'(S(1)). 


By comparing these p’ values "corrected" 
probabilities) for the ReM and RoM con- 
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LAGS 


Fic. 2. Values of P’ (top 


panel) and d’ (bottom panel) 
for the Re, Ro, 


ReM, and RoM conditions. 


ditions, we may directly compare our 
operators, R’,, and В’, Since the Storage 
operators, б are the same, in these condi- 
tions, differences in фр! must be attributable 
only to differences in R’. The top panel 
of Fig. 2 shows p’ as a function of lag for 
the Re, Ro, ReM, and RoM conditions, 
Performance on RoM is Superior to that on 
Кем, £(7) = 13.0, р < .01, In terms of 
the above analysis, then, R’,, leads to better 
performance than does Ri ‘Tlie b' curve 
for Ro was also above that for Re, although 


not significantly so, t(7) = 1.16, p > .10. 
The second m 


ethod for cor 
nition and rec 


all is Suggested 
of signal detectability (TSD) wh 


recognition 
Memory (Kintsch, 1968; Murdock, 1965), 
It is postulated that the Strength of infor. 
items in memory may be 
a single value, (7. С: 

correct for an N. 
est, or the hit 


Tepresented by 
the probability. 
forced-choice t 
alarm rates for à yes-no test 


to find the Corresponding 
(Elliott, 1964) 


operator Notation, 


Given 
"alternative 
and false. 
, it is Possible 
value of d' 
gain, in terms of 

let 


d our 


di = В? Si), 
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Then, 


Nx 
ll 


С” (d^) 
G^ (R” (S(1))), 


. Hd to 
where G" is the аана di 
response probability as specified in eoe 
(1964). Again, (G’’) is explicitly de 
and 


d' 


ll 


(G^)7 (p) 
R"(S()). 


Ш 


s d' as 
The bottom panel of Fig. 2 presents pee 
a function of lag predicted from the VOS: 
for the Re, Ro, ReM, and RoM пи о 
The results are as follows: Re И and 
superior to Ro, £(7) = 4.52, p < on 24, 
ReM is superior to RoM, Wwe бопе 
P < .01. Again examining the прес“ né 
ditions where the storage operators ae ace 
same R",. leads to better pers 
than R",, which is a reversal of the йй арн 
Which obtained when (G^)1, the р tr 
formation, was applied to the data. by 
This reversal was also tuned ihe 
Freund et al. (1969). They T. und 
band d' corrections to their data and fo ved 
that the former transformation ri 
recognition to be Superior to recall, pow 
the latter transformation showed the m. 
posite to be true, Previous studies esf 
paring recall and recognition have, in me 
cases, used the р” correction for guess is 
and have 


> ition 
concluded that recogniti 
superior to 


an 
recall (Postman, 1950; Pan 
et al. 1948). Studies comparing reca have 
recognition using a TSD analysis base 
generally assumed that performance tica 
on information acquired. under age 
conditions should lead to the same bo As 
of d’ independent of the type of um 
Suggested above, however, it is not dign 
ШАШ in the Present experimental pars rard- 
to make unconditional conclusions versus 
ing the relative superiority of recall Mer, 
recognition. We have examined the d for 
that some guessing correction, G, defi M eye 
recall and recognition operates on кей In 
information to produce a FEDT the 
this framework, application of G 0 ге 
data should produce mer 
which 


au 


T — 7 
correctec | types 
are comparable for the two 


p———Q— 


| 


—12. 


RE 


tests i 
rein à; To reiterate the conclusions of 
he a et al., however, the choice of G and 
E. Шр comparison of recall and 
SS. e rest on specific assump- 
regarding the natur retri 

3 E 1 nature o > re ve 
E eon re of the retrieval 


DISCUSSION 


We 
ae x: Шш to an analysis of the data in 
Proposed а A heory of memory which has been 
he model id ес and Shiffrin , (1968). 
Tesents an o "i used in the present article rep- 
tion liem Я pp ication of this theory to recogni- 
Freund i and is described in detail by 
'ickens n al. (1969) and Atkinson and 
lates ES 971). Basically, the model postu- 
(Spe, 9 memory states: а short-term store 
Coming pc a long-term store (LTS). In- 
Сау SER ormation enters STS where it de- 
tered in Le short period of time unless it is 
Mer, | 9 and is maintained in a rehearsal 
With mel. are assumed to enter this buffer 
Vea erri a. The buffer is assumed to 
Not enter ed capacity of r items; 5 may or may 
. eT à new item into the buffer, but if he 
‚ а randomly selected item currently in 
Tom STe is knocked out and rapidly decays 
год t5 | Information about an item is trans- 
Mount Р ти from STS in two ways: (а) Ап 
Бу viet З information 6' is initially transferred 
and Pe the fact that the item entered STS, 
; the item enters the rehearsal buffer, 
B "d байд da transferred at a con- 
inge buffer or each trial that the item resides 
^ mation Я {т the item leaves the buffer, 
one УЕ; out it in LI 5 decreases expon- 
а simplicit 8 | — т per trial. For purposes 
SUID ineat [4 is set equal to 0'; thus the 
n item ү. available information at Lag ? about 
G XM hich had been in the buffer for j trials 
If an item 


л 


addi, 
stalition 


e the buffer, a response 
Шоп retrieved from LTS. Here, the 
cn Pion ie à correct response is given by a 
inp Ro tages s where d= (j + 1)6r'%. For 
oth “Yes.” 25) has a response bias for respond- 
Most Bar This bias (or criterion), ¢ 18 an- 

ode t ameter of the model. For recall, the 
dated. Jus has four parameters to be esti- 


di > ia + 
Чопа] he: 0, and v. For recognition an ad- 
The Parameter, е, is estimated. 


Ste, © ео 
аен огу makes a distinction. between 
d features of memory (c.g. STS, LTS) 


Cont 
r a ч E 
Ol processes used by 5 to deal with 
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о 
to 
[2 


TABLE 1 
PARAMETER VALUL AND CHI-SQUARES 
FOR THREE CONDITIONS 
Parameter | Recognition Mixed Recall 
a | .79 Oo 53 
| | Ex 
| 
r | 1 2 3 
в 79 52 30 
95 97 .99 
| 
€ 71 .62 — 
x: | 29.3 13 
df 23 37 10 


Note.—A dash indicates that the parameter is 
=. Ls E "ates ia ara er is not needei 
for the recall task. ded 


specific tasks. — Different strategies (control 
processes) may lead to widely varying values 
ofa, г, and 0. In the present experiment, stor- 
age differences may be thought of in terms of 
these control processes (Atkinson & Wickens, 
1971) ;a different buffer size, for example, might 
be used by 5 depending on whether he knows 
he will be tested by recall or by recognition. 
A fit of the model to the observed data was 
made using a minimum x? procedure (Atkin- 
son, Bower, & Crothers, 1964). Three separate 
parameter estimates were made: one for each 
of the three study conditions. For the recog- 
nition condition, the fit was made over the hit 
and false-alarm curves derived from the Ro 
condition, and for the recall condition, the fit 
was made to the Re curve. For the mixed con- 
dition, the parameters were estimated for the 
recall and the hit and false-alarm data simul- 
taneously. The parameter estimates along 
with the corresponding x? values and degrees 
of freedom are shown in Table 1. In terms of 
the model, the parameter values suggest that 
Ss used quite different control processes de- 
pending on the type of test they were antici- 
For the Ro condition, each item has a 
good deal of information about it transferred 
to LTS during one trial (the buffer size is 1 and 
о and 0 are fairly high). For Re, on the other 
hand, there seems to be more emphasis on 
trying to maintain items in STS without a 
great deal of effort to store them in LTS (the 
buffer size is 3 and б is low). For the mixed 
condition, as might be expected, an intermedi- 
ate strategy is indicated (the buffer size is 2, 
and a and @ have intermediate values). The 
Ss' verbal reports indicated that they were, in 


pating. 
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general, using the strategies suggested by the 
parameter values for the various conditions. 
The different control processes for recall and 
recognition outlined above are logically con- 
sistent with the type of information needed for 
a recall as opposed to a recognition test. For 
recognition, minimal information about a 
sponse is often sufficient to generate a correct 
response. For example, if S can retrieve simply 
the fact that "the answer rhymes with A," this 
is enough to be correct if he is presented with 
"Q" and asked to respond yes or no. A good 
Strategy would thus be to generate as much 
information as possible about each item and 
allow the information to decay away since it is 
Still useful in a degraded form. For recall, on 
the other hand, such degraded information is 
not as useful, and there would be more reason 
to try to maintain complete information about 
as many items as possible in STS Where it can 
be retrieved perfectly. 
The strategy for reco 
suggested by the sa 


re- 


gnition is similar to one 
me model in a previous 
(1969) used a continuous- 
gous to the mixed condi- 
experiment. There were 


and 7 of 95: T 


| К ) those ob- 
tained in the Ro condition of the present study. 

There are several Conclusions to be drawn 
from the findings 


ary to the 


ee As indicated 
reason for this i. Probably 
that the methodology of the Present study. © 
better attuned to the Separation 5 


Strategies, Second, analysis of ү} 
terms of the memory model discu 
has been highly successful. The 
provided an excellent fit to the obs 
and the obtained parameter value: 


ssed above 
Model has 
erved data, 
5 are inter- 
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pretable in terms of possible storage a 
used by 5 in each of the three study conditions. 
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AMOUNT OF INFORMATION A 
IN PAIRED-ASSOCI 


OVID J. L. 


ND INTRALIST SIMILARITY 
ATES LEARNING 


TZENG! 


Pennsylvania State University 


Two experiments were performed to asse 


and intralist similarity in paired-associates (PA) learning. 
ained in a PA list is an inverse function of intra- 
Their effects on learning were found to be 


amount of information cont 
list similarity in the same list. 
opposite in direction, depending upon 
Greeno's two-st 
| for PA learning was employed to ассо 

hypothesized that 
and intralist similarity w: 
seemed to confirm this hypothesis. 
mental way to get at the major locus of 


B amount of information is defined 
been > оше һу which uncertainty has 

1 reduced, the major theoretical con- 
15 the probability of occurrence of 
alternative, Learning, in a sense, 

viewed as the case that after a 
of training, S is able to retrieve 
las been stored and to make an 
Tiate response. Specifically, S pro- 
!IS response from an information 
When this space can be specified, 


each 


арргор 
Чисев 

Space, 
ditt 


I 


the 
le 


a 
0 e maze with variation of response 
> lh each response unit. The same 
d Wil? observed. Adelson, Muckler, 
| Men s lams (1955), in a series of experi- 
erat: Concluded that uncertainty Is ап 

А Ea factor in verbal learning. One 
alise contradiction arises in the case 
numha, of trigrams constructed from а small 

1a ST Of letters or symbols. According to 

N. Coler and 


The a 
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age (learning to store vs. 


ss the roles of amount of information 
By definition, 


what kind of material was used. 
learning to retrieve) memory model 
unt for the data obtained. It was 


amount of information was critical only at the storage stage 
as critical only at the latter stage. 
The present study suggests an experi- 


The results 


shifts in parameter values. 

the information theorists, the learning of 
such a list should be rapid. On the other 
hand, the interference theorist would 
suggest that the smaller number of letters 
used to construct the list, the higher the 
formal intralist similarity with the con- 
sequence of slower acquisition. This latter 
phenomenon was observed by Gibson 
(1942) and Underwood (1956). 

The effects of amount of information and 
of intralist similarity on verbal learning 
are, then, found to be opposite in directions. 
But by definition, the amount of informa- | 
tion is an inverse function of intralist 
similarity of the same list. The important 
problem is to identify the operating vari- 
able, given any verbal list. A resolution can 
be reached by applying Greeno's (1970) 
two-stage memory model of PA learning. 
The first stage is mainly a stage of encoding 
and storing the stimulus and response as 
a whole unit. The amount of information 
involved is an effective variable at this 
stage. When each item has been coded into 
its representational form, learning proceeds 
to the retrieval stage at which the essential 
process is to eliminate the confusion among 
the items and to retrieve reliably the correct 
items. The effect of amount of information 
disappears, while intralist similarity be- 
comes operative at this stage. 

If the above interpretation is correct, it 
possible to produce the same 
ting from the effect of either 
or intralist 


should be 
patterns resul 


the amount of information 
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LIST4 LIST2 LIST3 

o d-o 'o 9-0 9-0-0 
—0--0 Р $ ? Ó o 

of а, -o © ‚Р o~a $ 
— —o—o^ b p-o y: со 

4 Ko- bo ? о-о а 
= 


c ЖИ 
LN 
pep 


Fic. 1. Three experimental lists for Exp. I. 


similarity. With verbal trig 
the amount of inform 
first stage of learning 
unimportant due to the fact that the higher 
order habits and skills required for the 
integration of verbal units have already 


rams being used, 
ation involved in the 
should be relatively 


been in S's long-term or permanent 
memory. However, the verbal properties 
such as 


acoustic or articul 
Should enhance 
the other hand, 
nonverbal figures 


atory confusion 
the similarity effects, On 
when the materials are 
Which are so unfamiliar 
that the components of items themselves 
and their integration must be “learned,” 
the amount of information becomes орега- 
tive at the first Stage, and their nonverbal 
characteristics should minimize the 
larity effects at the second stage, 
The present experiments attempted to 
manipulate the degree of difficulty de- 
manded at each stage by means of the 
combination of two specified information 
Spaces (ie, 5 vs. 10) and two different 
kinds of material (e. CCC vs, nonverba] 
figure set), Furthermore, a Special tech- 
nique (the fragment-cue method; see Liu, 
1969) was employed as the measure of 
acquisition in order to examine the 


simi- 


interna] 
formation of each item during acquisition. 
The three Sizes of fragment сце (i.e, 
2, 1, and 0) then | 


represent three special 
ant order paired associates 
nse terms being defined as 


cases of const 
with the respc 


ENG 
iur respectively. 
letters, bigrams, and trigrams, пари ko 
i 3 ‘ere à 
(Corresponding response terms wer 


ranged for the nonverbal figures.) 


METHOD 


"irtually 
Materials.—The two experiments vee ч 
identical except that one used өй ums 
to construct the list, and one used CC ve mons 
The lists all consisted of nine items. Per. E. rures 
verbal figure experiment, the 10 нт 5 tive 
were 6, d', D, «o, О, 9, Q, D, ©, an я pe сой” 
of them (ô, F, &, «o, and «o») were use List 2. 
struct List 1, and the other 5 were used for L 
List 3 contained all 10 figures (Fig. 1). S 
For the CCC experiment, the list was pae from 
from either 5 or 10 consonants. The list ma X CF, 
5 letters was XSF , SNC, CSX, NFS, de [rom 
CNS, S XXE, Pie S, and N F C. The list ma ЖЕР, 
10 letters was NTP, PDX, С SW, т The 
DWS, FXC,XCN, WBT, and TNF. list 
associative value of each item in the i à 
Was equated with the associative value о poe 
the trigrams in the 10-letter list. T'his one’ ihe 
correspondence made these two lists have PS 
same amount of associative value (39.78% 
the average; see Witmer, 1935). , equal 
For all the lists, cach alternative had шн те 
probability of occurrence within each list, w! r was 
restriction that no repetition of the same lette! 
allowed within each item. 
Subjects—The Ss were 52 
rolled in an educational 
Pennsylvania State 


undergraduates ps 
psychology peor vat 
University. They, had They 
served as Ss in any psychological experiment. tion. 
were given additional credits for paret ES was 
While the nonverbal figure experiment (30 Эз nent, 
run in its entire before the CCC experin ups 
within each experiment Ss were assigned to gr ing 
in order of appearance at the laboratory асс lition- 
toa scheme randomiz ng the order of each cone task- 
Pro dure.—Virst, § Was given a practice «o for 
Three items (8 «o 2,% & «,and ô DEP 
the nonverbal figure experiment and A B С, sd one 
and PQR for the CCC experiment) аррваге o.) 
at a time on a memory drum (C. H. Stoelting space 
Each item lasted 2 sec. and a 2-sec. blank iod 
Separated one item from the next. After 5 ё figure 
this short list, a fragment of one set of yis aske 
(or trigram) of the | )peared, and 5 Nya? tus e 
to write down the n ng part. The .5 bos 
With the fragment 6 9. then... —, 8f pe 
© pec (correspondingly A B, then > to 
and then P_ for CCC). In responding y 10t 
second “fragment,” 5 was reminded to stud 
only the item but also its position in the ie 
After § completed the practice task, the 
Mental list began to appear on the pen item 


The nine items appeared one at a time. Ea ig one 
lasted 2 sec., and а 2-5, 


item from the next, 
Same order thro; 
tions of the list 


blank space s in 
The list we presented 2 т 
ughout. After every оу ‚О! 
» & test trial was adminis 


-————'—MÉv 
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to 
to 
© 


TABLE 1 


REsuLTS or E 


PERIMENT I: PROPORTION OF SUBJECTS GIVING CORRECT RECALL TO THE THREE 


Sizes ОЕ FRAGMENT CUE FOR EACH TREATMENT GROUP ON THE FIVE TRAINING BLOCKS 


0 1 2 
Informati, ч 
apace Test trial Test trial Test trial 

ICM 1 2 | 3 | 4 5 1 | 2 3 4 5 1 2 3 4 5 
Em a. Recall of the whole 

5 

10 00 | .18 | .12 | .22 48 | -11 | -11 | .24 | 36 | .55 | .30 | 43 | .68 | .64 | .73 
E .00 | .05 | .05 | .05 | 15 | .04 | .08 | .12 | .18 | .28 | .14 | .26 | .34 | .57 | .54 
e b. Recall of the last missing figure 

5 | 

10 o9 | .30 | a1 | .37 | -30 | .30 | .33 | 36 | 48 | .62 | 30 | 43 | .68 | .64 | .73 
E D “05 | Joo | 32 | 12 | 27 | 04 | 10 | 21 | .33 | 30 | -14 | 26 | 34 | 57 | “54 


Poesias. 
| resent ч fragment of each item of the list was 
| We 1n the serial order of the items in the list. 
Write hes allowed as much as 4 sec. for starting to 
spond pes [е missing parts. If he did not start to 
Ment, th, К hin 4 sec. after the presentation of a frag- 
а fragm, € fragment of the next item appeared. When 
the f «E nt Was presented, it was always the first or 
at all, evo Parts. Some tests involved no fragment 
One eee test trial, each item was tested by 
ind of fragment, each kind of fragment 
б three times in any one test trial. Àn ex- 
а test for the figure list is as follows: 
© 2-7 — 3 ‚© 59 — 

cack S9: YG, and === 
ез, NS, the acquisition list was presented 20 
ch s ence, five test trials were adminstered for 
+2" cach test trial, a different test list was 
* order of assignment of test lists was 
n ce varied from one test trial to another 
and from 5 to S. 


* «0j 
With} m] 


р; RESULTS 
“leu , 
more experiment.—Table 1 shows the 
ach tion of Ss giving correct recall to 
Sorin уре of stimulus fragment under two 
Wa > Procedures (1a, 1b). A .05 level 
"rj er ^ H s CT m » 
"rite, n POY ed as statistical significance 
а. oe - 
de есап of the whole: The first scoring 
fille А ed that every missing part be 
ом и the correct figure. Table 1a 
eth le results of this scoring. Obviously, 
A traj Creases in the size of fragment and 
pm d facilitated recall. The effects o! 
ЯЕ 6) Size and training were significant, 
= 75.54, and F (4, 72) = 20.73, 


respectively. The learning of the list of 
5 figures was significantly better than that 
of the 10-figure list, F (1, 18) = 8.72. The 
only significant interaction was observed 
for Fragment Size X Training, F (8, 144) 
— 2.68. This effect reflected the unequal 
responding difficulty required for the three 
sizes of fragment. 

1b. Recall of the last missing figure: 
Recall was also scored correct if 5 re- 
produced only the last missing figure cor- 
rectly. These data are summarized in 
Table 1b. This scoring procedure represents 
an attempt to equate the responding 
difficulty for the three fragment sizes. An 
analysis of variance indicated similar re- 
sults as before. The F values for the effects 
of amount of information, fragment size, 
and training were: F (1, 18) = 15.40; 
F (2, 36) 2 28.15; and F (4, 72) — 21.55, 
respectively. The relatively large F value 
obtained here in comparison with the first 
scoring procedure indicates that the second 
scoring is more sensitive to the effect of 
amount of information. 

CCC experiment.—The data of this ex- 
periment are shown in Table 2 under two 
scoring procedures (2a, 2b). 

2a. Recall of the whole: As before, the 
recall differences were again found as a 
function of the size of fragment, F (2, 40) 
51.75, and training, F (4, 80) = 30.75: 
the amount of information had 


However, 
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TABLE 2 


"ЖКТЕ. 
3 E E THREE SIZES 
` S Е : © OF SU! IVING CORRECT RECALL TO TH 
ESULTS OF EXPERIMENT II: PROPORTION ОЕ SUBJECTS С ; 3 д.1 n 
RESULTS FRAGMENT CUE FOR EACH TREATMENT GROUP ON THE FIVE TRAINING BLOC 


0 | 1 | 2 AE hy 
Information Test trial Test trial Test trial 
space "cw FTT 
| & E 5 
1 | 2 |з | = se) a) E pepe |: |2 [3 | | 
a. Recall of the whole = 
i ^ 
| 1 5 60 | .68 | -82 
5 2 22 | -25 1.57 | .57 | .24 | .36 | .36 | .43 41 | 45 |.57 | . ‘99 
10 | 8 | 40 60 | «65 | .82 | .23 | .52 | .63 | .77 | .80 | .66 | .72 | .84 | .96 
b. Recall of the last missing letter 
| 5] 5 | 68 | .82 
5 30 | 43 | .66 | .68 | 46 | 52 | 44 | 64 | 52 | 48 | 57 1.601. 50 
10 18 | “a2 dà | .68 | .82 | 22 | .52 | 132 | 711 | 80 | .66 | 72 | ‘84 | 96 
| | | | | 


ап opposite effect on recall in comparison 
with the figure experiment. That is, S 
learned the 10-letter list significantly faster 
than the 3-letter list, F (1, 20) — 16.01. So 
far as intralist similarity is concerned, this 


result is the same as that obtained in the 
study by Gibson (1942). 


2b. Recall of the last missing letter: 
When the response probability was equated 
100: 


10- letter list 


7 
5 а 
Pe pce 
[4 ^ 
8 ^^ S-letter list 
x a a 
2 4 
ш 
ES 
! 
4 2 3 4 5 
BLOCK OF TRIALS 
Fic. 2 


2. Mean percentage of last т 


missing letter 


correct scores for 10-letter lists 


с both 5-letter and 
as a function of {га 


ining blocks. 


H H “9 
by using the reproduction of the last ag em 
letter as the score (Table 2b), the ee 
variables, amount of information, the ar 
of cueing fragment, and acquisition а. 
all had the same effects as shown in ir F 
first scoring procedure (Table 2a). Then 
values were: F (1, 20) = 15.93; F (2, ju 
= 35.16; F (4, 80) = 30.51, respective At 
It should be noted that the only significar 
interaction was between training trial Аа 
amount of information (or properly; Lp 
list similarity). An inspection of po 
Shows that as the training goes on, er 
list similarity becomes more and m 
effective in the later stage of learning. 


Discussion 


a tee 
Garner (1962) and many others Лако о 
ported data indicating that the gna di- 
information transmitted in recall aro an- 
rectly with the formal uncertainty of the 
sembles of items used as memory pa how 
impairs acquisition. The present study 3 
the insufficiency of this interpretatio! 
applied to some verbal lists where Jn in 
similarity is an effective variable. As con 
cated above, the amount of information - al, 
tained in a list, whether verbal or nor Y ralist 
is an inverse function of the formal in rtan 
similarity in the same list. The impri m 
thing is to determine in what situation? yt y 
ing will be influenced by one factor and “mode! 
the other. Greeno’s (1970) two-stage 


ў 


INFORMATION AND INTRALIST SIMILARITY ОЕ PAL 


u^ learning seems to be able to give a clear 
*rpretation for these opposite phenomena. 
E thong the degree of difficulty demanded 
[ сеп: е Storage or the retrieval stage, the 
of Sees produced two different patterns 
tion th sl each proposed by either the informa- 
The Епа or the interference theorists. 
Way нен study suggests an experimental 
Param get at the major locus of shifts in 
no neter values. 
age и that the dependence of the stor- 
trieval SE iON, and the independence of the re- 
Bowertull ise of, the amount of information 1s 
i Шера Y supported by a recent study by 
and i nd Weinstock (1971). Predefined high 
шыч a Se врап (H-MS, L-MS) 55 
OW in pe PA list with responses either high or 
that the юе іп tralist similarity. It was found 
TSt corr SMS Ss made more errors before the 
the H.MS. anticipation for each pair than did 
to tif Ss. However, such differences due 
Wards a level of MS disappeared after- 
Ntraligt ea the other hand, the notion that the 
Stage of | шу is only critical at the later 
DEL is evidenced by the study of 
Was m (1966). It was found. that learning 
the ep ected by intralist similarity only when 
(cf, (OFS after the first correct were considered 
“py teeno, 1970). 
боп, е above reasoning has another 
Stage Bus item has been learned at the first 
е expec not yet at the second stage, 1t should 
Sible, s that recognition of the item 1s pos- 
Wire tl owever, reliable recall would still re- 
When Ae completion of the second stage. 
of Ra material is used, the first stage 
from the E Should be released relatively early 
th Se € effect of amount of information, but 
fot eae stage of learning should be subject 
the ime of intralist similarity. That is, if 
mba bs similarity is varied between lists, 
esso € predicts that recall should be sup- 
tio in the high intralist similarity condi- 
ion jc the recognition of the items in both 
ty) ,L 978 (Le, high vs. low intralist similar- 
tep Shoulq show iff Kintsch (1968) 
Orte, Show-no: difference. Kints Wt 
Prediction experiment that confirmed this 


implica- 


Es 
Witt Fecent concern in the literature has been 
^ cu Amining the relationship of similarity 
on ( aningfulness. Underwood and Richard- 
Qo," az 9), using four CVC lists with two levels 
% to о Ssociation value (93.3% to 100% vs- 
: 20%) and two levels of intralist stmt 
Verse! demonstrated that learning was an !n- 
larit , Inction of the degree of intralist simi- 
75 the difference in learning between high 
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and low intralist similarity was greater for 
lists containing the low association syllables. 
Despite the procedural differences, the present 
CCC experiment confirms their results. How- 
ever, Underwood interpreted this phenomenon 
in terms of associative (or hook-up) learning, 
while the present model predicted its occur- 
rence in terms of the retrieval process. When 
meaningfulness is increased, the formal intra- 
list similarity becomes less effective due to 
the fact that the retrieval cues can be coded 
in terms of either meaning or their acoustic 
character in order to overcome the interfer- 
ence. The present model emphasizes the active 
role of S in searching for a reliable retrieval 
strategy. 

One further point should be mentioned. Itis 
concerned with the internal structure of the 
items in a list (Garner, 1962) or the identity of 
letter location (Runquist, 1971). From the 
viewpoint of the present model, one must be 
cautious in interpreting the data in terms of 
intralist similarity only. For when some of 
the letters consistently occur in a certain posi- 
tion, the amount of information is reduced. 
And this fact should be taken into account for 
it does affect the earlier stage of learning. 
Take the Neutral condition of Runquist’s 
(1971) experiment, for example. If it is as- 
sumed that his practice list represents theearlier 
stage of learning and his test list represents 
the later stage of learning, it is clear that in the 
practice list, the order of mean correct went 
down from HS-1 to HS-2, and then to LS al- 
though the differences were relatively small. 
However, the order for the test lists went up 
from HS-2 to HS-1 and then to LS, and the 
effect was significant. So far as the shift of the 
parameter from amount of information to intra- 
list similarity as learning proceeds from stor- 
age process to retrieval process is concerned, 
the present model is able to account for these 
facts. 
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INFLUENCE OF CONCURRENT AND TERMINAL EXPOSURE 


CONDITIONS ON THE NATURE OF 
PERCEPTUAL ADAPTATION ! 


JOHN J. UHLARIK? Ахр LANCE KIRKPATRICK CANON? 


University of Washington 


The Ss viewed their own localizing movements through a laterally displacing 
prism as they pointed at a visible target. In the Concurrent Exposure con- 
dition, the pointing arm was visible throughout its excursion from resting 
place to target, while in the Terminal Display condition it could be seen only 
at the termination of a pointing movement. L. K. Canon's model of the 
process of adaptation holds that compensatory shifts in localization manifest 
themselves primarily in the modality not attended to or employed as a source 
of information for localizing responses. With terminal display conditions 


during exposure to the intermodality incons 


stency, where Ss were likely to 


attend to proprioceptive cues in making their localizations, subsequent shifts 


in the position selected as 


the visually straight ahead were found. 


With 


concurrent display conditions, where exposure period localizations would be 


expected to be based on visual cues, shifts in the arm posi 
The relevance of these findings to prior research on interlimb 


ahead occurred. 
transfer of adaptation was discussed. 


ia Аг а will compensate for the 
Tearra of localization induced by various 
Meno of the inputs to sensory 
ане is атріу documented. Several 
era ч s have been made to provide gen- 

atements adequate to account for the 


Оре 
е te ө 
aq ved conditions under which such 


s has proved entirely satisfactory 
light of subsequent research. Re- 
Canon (1966; 1970; 1971) has pro- 
holds Кын alternative formulation which 
result "E adaptation will develop as the 
puts о intermodality inconsistency of 
v len a Briefly, the model suggests that 
r ond ie ndividual experiences inconsistent 
Modal: icting information from two or more 
Rm relevant to the spatial location 
Ment € external stimulus object, an adjust- 

to these conditions will develop. 
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on felt to be straight 


Further, it is predicted that the resultant 
adaptation or recalibration will manifest 
itself in the modality not utilized as a 
source of information on which the response 
to such a stimulus object was based. The 
end result of this process will be a state of 
affairs in which S will, when required to 
localize some object, select the same spatial 
position no matter which modality is used 
to guide the localizing responses. In other 
words, adaptation involves recalibration 
of these inputs so that the intermodality 
conflict is functionally eliminated and once 
again the inputs yield redundant or comple- 
mentary information about spatial location. 

Previous research designed to investigate 
the adequacy of this formulation has di- 
rectly manipulated the attention variable 
by means of explicit instructions to Ss 
regarding the modality to which they were 
to attend during exposure. However, its 
applicability is not limited to this experi- 
mental paradigm. The physical conditions 
of exposure to intermodality inconsistency 
might well play a role in producing differ- 
ences in the modality to which an S will 
attend during the exposure period. Howard 
(1968), from a different analytical stance, 
has suggested a categorization of training 
or exposure circumstances employed in 
prism-adaptation research where exposure 
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to the sensory discordance is provided by 
having Ss view their arms while localizing 
visual targets. One of these training 
procedures, termed "terminal display," 
refers to conditions in which "the subject 
is allowed to see his hand only at the termi- 
nation of an aiming movement Eps 25]" 
and the other, referred to as "concurrent 
display," involves circumstances in which 
"the subject views his hand continuously 
while aiming at a target [p. 20].” With 
reference to the concurrent display, he goes 
on to suggest that “if the subject is allowed 
to view his hand while he is moving it, 
he may visually guide it onto the target 
and ignore the discordant proprioceptive 
and motor activity [p. 25].” Howard's 
analysis of the consequences of these types 
of training procedures leads him to the 
conclusion that terminal display conditions 


will lead to greater or more complete 
adaptation. 


Within the frame of 
ent model, this distinc 
tions not about the г 
the consequent ad 


reference of the pres- 
tion leads to predic- 
elative magnitude of 
aptation but rather con- 
cerning the specific type of adaptation that 
will develop. Concurrent display condi- 
tions would be expected to 


€ to attend to the 
n localizing targets 
Research оп visual 


Pointing arm contin 
play conditions, on 


likely to force S to: x 
cues and to depend upon them in Midin 
his hand to the target since he is Permitted 
to view his finger only at the terminus e 
its excursion toward the target, i 

1 To provide evidence relevant to the pre- 
dictions the model makes regarding the 
Specific nature of the adaptation developing 
under these two types of exposure condi- 
tions, the dependent measures of pre- 


exposure to Postexposure shifts in localiza. 


uously, 
the other hand, 
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tions were of three types. One реш n 
testing for visual-motor shifts by eae 
select a visual position that appeare i 
him to be straight ahead with reference E 
his midsaggital plane. Another a 
possible proprioceptive-motor adum 
by having S point with his arm to wha ia 
felt to be the straight-ahead position ee 
conditions not permitting any visual feet ы 
back from his limb. No visual target к 
involved in this measure as S's eyes мег 
closed. The final measure was typical © 
those taken in most studies of adapton 
as S pointed at a visible target pex 
visual feedback from his limbs. Such ? 
measure would be expected to confound an a 
reflect the independent visual or propriocep 
tive shifts that may have developed. dël 

Specifically, then, the present me 
predicts that adaptation developing * is 
Concurrent display conditions during ee 
posure will manifest itself in ma 
sensitive to proprioceptive shifts. - Ж 
versely, terminal display exposure CITEN il 
stances should produce adaptation that W «d 
be exhibited through shifts in the весе 
of visual egocentric localization. No d 
cific predictions regarding the re 
magnitude of these effects follow from ү 
model, and thus the only expectation " 
garding the final measure, which cantons K 
the visual and proprioceptive shifts, is e 
significant adaptation will be found wi 
either display condition. 


METHOD 


J H et Be 
Subjects.—Sixteen ch 


male college undergrac n in 
served as Ss in the experiment. Participatio 
experimental research Was a requirement tere 
introductory Psychology course in which they aisi 
enrolled. Right-hand dominance was a ре Чү a 
and two individuals were rejected because 
history of astigmatism. 

Apparatus. —A schematic diagram А 

ratus is given in Fig. 1. The visual displa meter 
sisted of a row of 61 small lights, 2 mm. in dia ром 
and 1 cm. apart on center, situated 14 ст. to 55 
eye level on a vertical panel perpendicular 
line of sight. Thirty lights were located on сас 
of the center 


of the ab 


у con- 
i y 


ly to 


‹ of the 
the right of 5% midsagittal plane in the Tenta petite 
field of view of S's right eye. The panel С d зе 
Scribed an arc 


of target: 


e siled 90° 
S, consisting simply of three stenc 
5 cm. ar 


as 
C wa 
part on center and labeled A, B, and 


LOCALIZING MOVEMENTS WITH DISPLACING PRISMS 


Fic. 1. 


locate 
al Rd ue ст, below the row of lights. The dot 
Phere directly beneath the center light. 

of SE Viewed the stimulus display from a distance 
Й s with his head held in position by а bite- 
Ins hen making the dental impression, S was 
to position himself such that the dot 
appeared to be straight ahead of his 


ir 

ho ione beneath the row of stimulus dots was à 
Cen P Plexiglas rod wound, eight turns per 
Мазы Ree with resistance wire. The S wore a 
ti Ginn splint with a 2.5-cm. long brass stylus 
du t ЧЫ from the end of the index finger of his 
ae the Pointing localizations were made by 
wo bing ü Ne 120-cm. long resistance coil, circum- 
li Ровно; Same arc as the visual display. This 
apts, The d. 10 em. beneath the row of stimulus 
Vole Osition ‘ot „ене behind 5, an фе ше 
in Meter d р s localizations by reading adi a 
ang Circuit hat registered the amount of resista 
b. d a Dow containing the meter, the resistance coil, 
Y touching | supply. The 5 completed the circuit 
wi tme "E the stylus to the coil. A digital readout 
КИШ 6n Dermitted accurate measurement to 
р; aS op p БУ: (29) and was not subject to potential 
апер, Parallax inherent in reading dial-calibrated 
t A bi tmeters, 

зш Cloth-covered panel could be pla: 


ч ed оуе 
сеа оу ег 

Dre, Pen hori 
Ve f izontal surface of the apparatus to 
rom viewing his limbs while measurement 


Prism, bitebar, and localizing apparatus. 


of pointing localizations were obtained. All of the 
other surfaces of the apparatus were covered with 
black felt cloth or painted flat black. 

Visual displacement to the left or to the right, 
for the right eye, produced by a Risley rotating 
prism (Bausch & Lomb No. 71 48-59). The prism 
was adjusted to trength of 20 diopters, which 
should laterally displace the visual field 11.39. The 
prism was mounted in the right eyepiece of a pair 
of welder's goggles and the left eyepiece was ос- 
cluded throughout the study. The width of the 
monocular field of view for the right eye was 35°. 
The frame containing the goggles was rigidly at- 
tached to the table at which S sat. 

Procedure.—In order to familiarize 5 with the 
apparatus and the manner in which he was to make 
his localizations, 15 practice trials were given during 
which the monocular prism goggles set at 0 diopters 
were worn. The room lights were on and the opaque 
panel was removed so that .S could view his arm as 
he pointed at visible target positions by touching 
the coil at the appropriate position with the stylus 
attached to his right index finger. No data were 
recorded during these trials. 

Next, a series of preexposure measures of three 
different types was made with the prism set at 20 
diopters. All localizations were made with the 
rightarm. Contact with the coil was made by reach- 
ing under the shoulder-level black panel completely 
covering the horizontal surface of the apparatus. | 
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The S's head was fixed in the straight-ahead position 
by the biteboard and no visual feedback from any 
Part of his body was possible. The room was 
darkened completely except for a very dim light on 
E's control panel behind 5. 

Three different types of measurements were taken. 
One, termed the visual motor (VM), involv 
5 indicate the position he Saw as * 
He was instructed to use his medi 
plane as the referent here, i.e. 
point appeared to him to be directly in line with the 
midline of his head and body, or in other words, 
straight ahead of the tip of his nose. A single light 
in the horizontal stimulus array was illuminated in 
the periphery of 575 monocular field of view, and S 
indicated the direction to move the light by pressing 
а left or a right signal button. The E would then 
turn off the first light and illuminate the next 
adjacent one 1? in the direction. specified by S. 
There was no time limit оп S's responding and he was 
instructed to repeat this procedure, including as 
many reversals in direction as he felt were necessary, 
until the stimulus light that illuminated ap- 
peared to be straight ahead. his measure was 
repeated four times, starting at alternate sides in 
the periphery of the monocular field, 

Another measure, the proprioce 
was the arm position 5 selected 
ahead. It was obtained by havir 
ahead with no visual 
regarding his pointing limb, 
to close his eyes and point ‘ 
ing the а i 


ed having 
‘straight ahead,” 
an or midsaggital 
; to indicate what 


е d S to point 
of visible targets, again with 1 


from the pointing limb, а gross measure 
sual and Proprio- 
sent, it was labeled 
Motor index (VPM). The 
appropriate t; S made 
it, then signaled w € felt he 
was on target, and returned his to the table 
Surface. Three target positio, left, and 6° 
right, were employed and each was Presented three 
times 1n a randomly determined order, . 

€ order of Presentation of the VM 
measures of egocer . 


ntric localization w. 
balanced. For half of the Ss the VM m 


always taken first, and the remaining 
given the PM Measures first, The VPM 
were always obtained last. | 

Following these preexposure 
zontal panel preventing S from 
izing movements wa: 


ns, 0°, бо 


and PM 
as counter- 


‘sures were 
half was 
Measures 


Measures, the hori- 
1 Viewing his local- 
5 removed and two 15-w. lights 
| Ор surface of the 

illuminated so that monocular visua 
prism in Place would 
Sure period. 
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; а 
prerecorded tape and then return his hand SH 
designated starting position on the Шр, he miss 
instructed not to make corrections vx tter was 
the target on his initial attempt. A le targets 
called out every 3 scc., and each of the three s dd 
was designated an equal number of Eae Aet 
randomly determined order. А 20-sec. cate 
was given after 30 localizations had been n a loyédi 
There were two conditions of exposure st Display. 
For Ss who participated in the Concurrent CUTE 
condition (half of the Ss), unrestricted чаўся nana 
their localizing activity was possible. The - “© 
was visible to him during the entire OD ap- 
the resting position to the target, a diseno - 
proximately 38 cm. The remaining Ss Tint an 
under the Terminal Display condition. $ to view 
opaque panel was installed permitting + his arm 
only the stylus attached to his finger wien аа reat 
was extended and the stylus was touching of the 
vertical panel of the apparatus in the це, feed- 
exposure targets. Thus S could receive viN y after 
back regarding localizing movement on 3 US о 
it had been initiated and was near the term! 
the excursion toward the target. зага! 
Following the exposure period, the арр calle 
lights were turned off, the full panel was pem 
to once again completely eliminate visual 3 iT 
and a set of postexposure measures. bos as ha 
The same order and presentation condition sires 
been employed during the preexposure m * ES 
obtained with 5 still wearing the pdo а 
nocular prism and head movements restric 
the biteboard. 


us 


ResuLTS ; 

The primary data of the study came -— 
Preexposure to postexposure din ere 
scores on the VM, PM, and VPM k ace 
sures. For all analyses these pet 
Scores were signed such that positive vom in 
indicated that the represented shi om- 
mean localization was in a direction © 
pensating for prism-induced error. айар: 

Table 1 presents the overall means 
tation scores obtained in the Ted t 
Concurrent display conditions as Ee "n 
in the three different measures take 
cach condition, A further breakdown? 
the basis of which one of the measureme 
VM or PM, was taken first in the 
Sequence given each S is also given. v 
order of Presentation of the measures n 
able was counterbalanced in the dene ial 
the study and thus the overall adam. 
Scores, which are of central concern, 5 a 
not be Systematically influenced OF d ed 
Order effects resulting from this je js" 
measures design. In the Concurren 


on 
nts, 
rest 


This 


агі; 


| 


m" 


LOCALIZING MOVEMENTS WITH DISPLACING PRISMS 


play condition the magnitude of the overall 


| 
| 


mean VM shift was not significant while 
the PM shift was. In the Terminal Dis- 
play. condition the opposite relationship 
obtains -there is a highly significant over- 
ч VM shift and a smaller PM shift of 
orderline significance, / = 1.59; р < .06. 
| гу interest is the predicted inter- 
E x 'etween the conditions of exposure 
c mn шешн taken. Table 2 gives the 
vincis E à repeated measures, randomized- 
ada ne i analysis of variance of the 
de scores given in Table 1. ‚Ав 
Шоп ed in this table the Exposure Con- 
B e (A) X Measures (D) interaction 
‘ Stically significant, as predicted. To 
а ae detailed analysis of this inter- 
into s 1e measures effect was partitioned 
A evant orthogonal comparisons (cf. 
DERNE 1968). The breakdown com- 
two а the VM and PM measures for the 
Cant ‘posure conditions was highly signifi- 
Cont (1, 16) = 11.79, p < .005, and ac- 
Nts for 08%, of the variation in the 
es interaction. This indicates that 
Enificant variation represented in the 
interaction was due to variation in 
Ces in the magnitudes of the VM 
I measures for the terminal and con- 
exposure conditions as was 


ifferen 
and PN 
Current 
“pected, 
addition to the variables of direct 
ae exposure condition and measures, 

ects of the counterbalancing pro- 


Шеге, 
the 


TABLE 1 


(MEAN 
POSURE 


Measure 
ву ; 

Хро, | 
mom асны | уй | тм | vm 
пей - - 

"ent display | VM first 1.5 6.1 
(+17) | GE2.D 
PM first 6.8 4.6 
(£2.3) | (43.6) 
Overall 42+] $3 
m cet) | Get. 
Чай an 
“display | vy first 29 
2:9) | (4:6) 
PM first RA L4 
(222.5) | (4.4) | ( 
Overall 4.4* 2.3 
(223) | (+ 
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TABLE 2 
ANALYSIS OF VARIANCE OF MEAN 
ADAPTATION SCORES 
5 T ] 
Source of variation аў | MS F 
A { posurecond. 1 13 
rism orientation 1|45.05| 11.88** 
C Order of presentation of 
measures 1 | 26.85 7.08* 
AXB 1| $d5]« 1 
АХС 11 2431 1 
BXxC 1 40|« 1 
AXBXC 1| 190 1 
Error (a), 5 (ABC) 8| 3.79 
D measures 2 | 25.81 8.04* 
AXD 2 | 19.03 5.93* 
BXD 2| 2.60|< 1 
Ex D 2 51.37 16.01% 
AXBXD 2| 1.03|]« 1 
AXCXD 2 | 19.08 5.94* 
BxCxD 2| 1.58|« 1 
AXBXDXD 2| 449 1.40 
Error (b), 5 (ABC)D 16| 3.21 


Note.—The use of a randomized blocks design involves the 
assumptions of homogeneity of variance and equal correlation 
between treatmer lf these assumptions are violated, F is 
not distributed 


F 
used for all test 
involving error b (cf. Edwards, 1968). 
*p«.05 
ep <.01 
wee p < .005 


ignificance 


cedures for prism orientation and for order 
of presentation of measures employed in 
the study were included in the analysis to 
permit the extraneous error variance asso- 
ciated with them to be accounted for 
explicitly. The significant prism orienta- 
tion (B) effect reflects the relatively smaller 
mean shift found when the prisms were set 
to produce displacement to the left 
(X = 3.1?) than when rightward displace- 
ment was induced (АХ = 5.1?). The signif- 
icant main effect of order of presentation 
of measures was produced by the smaller 
overall mean shift when the РМ measures 
were taken first (X — 3.3?) than was the 
case when the VM measures preceded the 
PM measures (Х = 4.8?). The significant 
D main effect stems from the differences 
in the magnitude of the VPM shift 
X — 5.5?) relative to those of the VM 
= 3.39) and the PM (X = 3.3°). 


DISCUSSION 


In general, the data provide consistent 
support for the hypotheses advanced. As ex- 
pected, thereis a significant interaction between 
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the conditions of exposure, terminal or con- 
current, and the nature of the adaptation that 
develops. With Concurrent Display during 
exposure, 5s exhibit shifts in the arm position 
that feels subjectively straight ahead. This 
recalibration is of a type that would lead to 
shifts in subsequent localizing activity com- 
pensating for the errors induced by the prism 
lenses. There is, however, no evidence of 
any significant shift in the subjective visual 
straight ahead in this condition. On the other 
hand, with Terminal Display conditions an 
opposite pattern of results was found. That 
is, there was a highly significant compensatory 
shift in the measure of the visually defined 
straight ahead and a smaller shift in the 
sures designed to tap recalibration o 
ception in the exposed arm. 
tation was found in both display conditions as 
indexed by the measures which involved having 
S manually localize a visible target. This 
latter type of measure should reflect the cu- 


mulative effect of any shifts that manifested 
‘themselves in the other ty 


th vo types of measure, 
and thus this sort of result was anticipated. 
The existence of signific 


motor shifts in the termin 
may seem anomalous, bu 
that the model holds atte 
variable in determining t 
tation developing. 


mea- 
f proprio- 
Significant adap- 


; is certainly 
not a perfect one. In view of the evidence re- 
garding what has been termed visual domi- 
nance or capture, 


1 it might be anticipated th 
Ss in the terminal i ves 


à display condition, Where ex- 
Posure circumstances Were expe 


attention 
fact, attend to 


activity was 
at attention Was at 
adaptation with a 
be кс. Some 
ng the п А 

scription of the dynamics te oe € 
examining the correlation between 
the VM and the PM shifts in this Condition 
Since it would be maintained that adaptation 
of both types would not develop simultane. 
ously, but rather sequentially as a function of 
shifts in attention from visual to proprioceptive 
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cues, a negative correlation between po 
and VM shifts would be expected ; and, indeed, 
this correlation is — .38 (p < 205). in terms 

The account given of these findings in te ү 
of the intermodality inconsistency of ER 
model has application to an area of controv es 
in the adaptation literature and can qe 
an integration and explanation of gem g dona 
have to this point appeared to be direct 2 sfer 
tradictory. The issue has to do with be 
of adaptation from a limb observed dune a 
posure to an unobserved limb. E. 
this topic has been of interest primarily be ame 
of its assumed relevance to some of the li the 
issues dealt with in this paper, specifically cess. 
matter of the locus of the adaptive P) have 
However, Howard and Templeton (1989). p 
argued that *'transfer experiments do ed is 
vide an adequate criterion for deciding W the 
meant by the locus of recalibration along 
sensory-motor control loop; one may be par- 
to say only that the relationship between d ar 
ticular input or set of inputs and a genet 
output or set of outputs has been puo 
Ср. 381]." They conclude that such er 
gations enable one to identify the lin 
affected but not the loci. 

An alternative and, it is felt, more pres- 
priate methodology was employed in the dings 
ent investigation, and the resultant fin ount 
Support an interpretation which can E. k. 
for the discrepant results of this earlier y was 
That is, the model upon which this study the 
predicated predicts a visuo-motor locus i are 
shifts developing dition on 
such that attention is paid primarily pu 
prioceptive inputs, viz., a terminal display on 
seems reasonable that a shift in the dire А 
of gaze responsible for the observe? 


appro- 


When exposure con 


H Phe : be M 
shifts. This sort of mechanism would local- 
pected to manifest itself in shifts in t atter 


ization of visually 


Which limb might be used in making the 10: 


па 
izations, Investigations employing. ae ic 
display conditions do, in fact, find eviden aek 
interlimb transfer (e.g., Cohen, 1967; and, TSA 
1967; Howard, 1968). On the other ha JOSU 
search in which concurrent display ex} 


эй u nce , 
Conditions were used do not find evident rie 
1065 transfer (e.g. Hamilton, 1964; joceP™ 


The model here predicts a propr t 
tive-motor locus for the shifts obtaine 
Concurrent display and this might 

volve a recalibration of the felt position ? ch 
the exposed limb, as Harris has argue ced 


R à vide " 
that interlimb transfer would not be ev! ha ie 
Cohe И 


well i 


п found this very pattern, a5 


-.  —L o —————À—Ó 
p——— ác 


| 


ea continuous display led to no observed 
Eiern v hile terminal visual feedback con- 
Th 8 were associated with interlimb transfer. 

2 he variables of prism orientation and order 
Pian of measures included in the 
in the s of variance were not of direct interest 
I as ges but rather represented factors 
an dies might have an influence on the data 
б АЫ should enter into the design as coun- 
variabl ced operations. I he prism orientation 
Taneou was introduced to insure that no ex- 
effects 5 influence such as kinesthetic after- 
ekuler would confound the primary data. 
Er апа Bauer (1966) have shown that 
tions с movement of a limb in certain posi- 
Pointin n lead to shifts in localization when 
Prism БА visual targets and the significant 
have |, rientation main effect found may well 
, been due to such a factor. Given the 
ode characteristics of the experimental 
i Seana employed here, the direction of the 
as a morum the magnitude of the shifts found 
ment с Езоп of the direction of the displace- 
reported b consistent with the sort of shifts 
Ü such n4 Sekuler and Bauer. The existence 
loweye inesthetic aftereffects should. not, 
*r, have led to any systematic bias in the 

of Primary interest as prism orienta- 


ү 


Mani Was a counterbalanced experimental 
!"Ipulation, 
Imi А 
nilarly, the order of presentation of the 


eas 

either s was counterbalanced to insure that 
fects order dependent nor time dependent 
Mterest vould confound the data of primary 
ship... It has, for example, been shown that 
bw. developing in response to exposure to 
Шайра displacement can spontaneously 
15 ы (Hamilton & Воѕѕот, 1964). Little 
or he "E however, about how the time course 
Clate i eterminants of this decay phenomena 
In the 9 the VM and PM measures employed 
Secu] Present study. Thus it is difficult to 
the Sete regarding the interrelationships of 
Signiggn Ples that produced the statistically 
Wi апі second- and third-order interactions 


order : 
теп, P der of presentation. Research cur- 


Чаш m progress was designed to more ade- 
order specify the relationships of time and 
Bheng pendent variables as they affect the 
menon of prismatic adaptation. 
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Y AN MON 
A TEST OF THE FEIGENBAUM AND SI 
MODEL OF SERIAL LEARNING ! 


BRUCE A. FARWELL 


AND PAUL C. VITZ* 


New Vork University 


Three groups of 10 Ss learned serial lists of 8, 12, and 16 nonsense Sabes 
An analysis of the sequential structure of the learning indicated a num (ad 
qualitative weaknesses in the Feigenbaum-Simon (F-S) enero рони E 
model of serial learning. The F-S model predicts Ss will learn the first ke 
Syllables first. But, depending on list length, 40% to 70% of the Ss learne ` 
later syllable before learning the first two. The F-S model does not allow <$ 


to le 


end-point chunks. 


Depending on list 
learned by 70% 


from the back. Instead, Ss show 
significance of the results for the 
learning are briefly discussed. 


One of the most stable phenomena in the 
literature of learning has been the serial 
position curve, or serial position effect 
(SPE). The generally bowed shape of the 
Curve, its skewness to the right, and the 
unevenness of the ends of the curve, in- 
dicating more rapid learning of the be- 
ginning items, are all well known attri- 
butes, yet it has proven extremely difficult 
to provide an adequate and gener. 
ceptable explanation of them. 

"Though there have been m 
ses put forth to account fo 
aspects of the SPE, 
attempt to interpret 
terms was made by Hull, Hovland, Ross, 
Hall, Perkins, and Fitch, (1940). "This 
model, which required three free parame- 
ters, Proposed a mechanism of 4 slowly 
building ratio of inhibitory to excitory 
potential with the greatest inhibition in the 
middle of the list. 
however, have 
tradictory to 
Thurlow, 1963; 
1962; Glanzer 
1962), 


ally ac- 


any hypothe- 
r the various 
apparently the first 


it in quantitative 


Xperiments, 
се con- 
(Bowman & 


& Simon, 
1965; 


Feigenbaum 
& Dolinsky, Jensen 


1 This research was supported in part b 
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greater efficiency at forward learning. 7 1 
model and the general question of serial 


arn an item in the middle of the list which is unconnected to the start or 


length, such isolated syllables were 


to 100% of the 55. The F-S model predicts after the second 
syllable that learning from the front of the 


list will be no more efficient than 
Hu 


„павіс 

Atkinson (1957) proposed a ена. 
model for the SPE but, as capere e 
Simon (1962) have pointed out, this П fadi 
has several weaknesses. lt assumes sible 
free parameters, thus making it P dati. 
to fit the theoretical curve to most | ting 
Furthermore, it has several gen for 
assumptions: The model holds мре 
lists of words high in dissimilarity, i: rate 
arity, and pronounciability; for mo j^ g^ 
Presentation rates; and for long (© 
1 min.) intertrial intervals. поп 

McCreary and Hunter (1953) -—— 
Strated that all serial position (SP) ded 
of a given length are essentially iden tion 
when the curve is plotted as a propor x 
of errors at each position. FelgenbaHm," а 
Ѕітоп (1962) use this to con pre 
information-processing model which s for 
dicts the mean percent of total error уеп 
cach serial position in lists of any коде! 
length. The Feigenbaum and Simon "ostii" 
is based upon four fundamental Р еге. 
lates, the fourth one being of concern ation 
This postulate states that the шо. 5 
Processes are carried out as follow or 
considers the ends of the list as а оті 
points," learns these first, and then Y 5 
in toward the middle from both side ates 
an important corollary to this post“ ш, 
Feigenbaum апа Simon specify рше 
quence of processing and the probas we 
involved at each stage: (a) The ‘beat 


items of the list are learned first, ane 


DE. odd is sequential, these items are 
next f Ed the order 1, 2; (b) attention is 
NE ous on an item immediately ad- 
D sl | one of the anchor points. In the 
two E ist, the number of anchor points is 
The T being the third and last items. 
E. ability that an item next to an 
Disi point will be learned is 1/р, where 
the E number of anchor points. Thus, in 
A fie e list, in which b — 2, the prob- 
item ig i5 learning the third or the last 
attenti /2 for each. (с) In the same manner, 
E cent Is systematically focused on items 
rial is " to anchor points until the criterion 
and Sin ompleted. Essentially, Feigenbaum 
m пой assu me that after learning Items 
Tom the the SP curve will be symmetrical 
Pei Md to the last item. 

Doa "um and Simon (1962) then 
to calculate an SP curve for lists 


lunter's (1953) study. Using а 
r gud o imirmor test of association 
5 Odness of fit, they found their curves 
Vire with those of McCreary and 
Васе 99% level of significance. 
5 ample ot it is an apparently well-known 
roach, 4 ol an information-processing ap- 
Simo 9 verbal learning, the Feigenbaum- 
ed п (F-S) model has not, to our knowl- 
pecia" directly tested. This study 
Че ally investigates three aspects of 
Serve Model. During pilot work, we ob- 
the se that Ss very often failed to learn 
Tha. Cond item immediately after the first. 
are ү the assumption that Items 1 and 2 
late “arned before going on to any of the 
that items is suspect. We also observed 
list {5 learned items in the middle of the 
fro D were unconnected or isolated 
the ne beginning and end-point chunks. 
“> model does not allow for such 
ds item learning, since learning pro- 
the ; only from the anchor points. Finally, 
E to ани assumes that from the third 
"nc he last, S’s learning is symmetric 
the e 'erefore from Item 3 to the last item 
аге х. Ог curve should be symmetric. There 
SED empirical and rational reasons for 


Kolm 
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doubting this. Ribback and Underwood 
(1950) found, using a derived list technique, 
that learning at the front of a list is faster 
than learning at the back of the list. In 
addition, the very structure of the serial 
list implies that learning from the front 
toward the last item should be more 
efficient than the reverse. For example, if S 
has learned Items 1 and 2, he is cued at 
Item 2 that he is at the end of the learned 
chunk and that he should attend to the 
next item in order to add to the chunk. 
However, if S has learned items at the 
end of the list, for example, Items 7 and 8, 
he must observe Item 7 before he knows 
that he should have attended to Item 6, 
which is now past. Thus, in learning from 
the end of a list to the front, S must use 
his memory of the preceding item in 
forming the new association. 


METHOD 


Subjects —Fifteen male and fifteen female New 
York University undergraduate students taking an 
introductory psychology course were used; the 
median age was 19. 

Procedure.—Nonsense syllables were drawn from 
Archer's (1960) list of CVC trigrams, with meaning- 
fulness values ranging from 15% to 21%. The 
CVC syllables selected were assigned to 3 lists, one 
of 8 syllables, one of 12 syllables, and one of 16 
syllables. Ten lists of each length were constructed, 
using a balanced Latin square design; i.e. no list 
began with the same syllable and no syllable ap- 
peared in the same position more than once. It was 
necessary, however, to repeat two of the 8-syllable 
lists in order to get 10 lists. In addition, three 
3-syllable practice lists were constructed from CVC 
trigrams with 35% meaningfulness values. The Ss 
were randomly assigned to one of the three condi- 
tions. Standard instructions explaining the task 
were read to all Ss; after learning the practice list, 
the experiment began. The 5 responded by spelling 
each syllable out loud. The list was presented at a 
constant rate of 3 sec. per syllable. The intertrial- 
interval was 30 sec. and criterion was one complete 
trial with no errors. 


RESULTS 
The obtained serial position curves and 
the F-S predicted values for the three 
lists are shown in Fig. 1. The obtained 
curves are very close to the results of 
McCreary and Hunter (1953) and Atkinson 
(1957), although there is a slight tendency 
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=©------ ° PREDICTED { 
SE e— OBSERVED 
6 
ar 
AA d 


wm pn O o 


5 
To Fac Tr S STR Fc гу 


PERCENT TOTAL ERRORS 


SERIAL POSITION 


in id dicted Percent tota 
position. (Fig. 1А, List 1; Fig. 


Ft. 1. Obtained and pre al errors as a function of serial 
1B, List 2; Fig. 1C, List 3.) 
for our curves to be more 
right. A Kolmogorov- 
ciation (Siegel, 1956) 
of .054, .048, 


skewed to the 
Smirnov test of asso- 
resulted in D values 
and .062 for Lists 1, 2, and 3, 


i eve” 
These values do Ag M 
approach significance and arg ret? 
assume, in all cases, that the A ch! 
the two curves is quite acceptable- 


respectively. 
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р Square test of goodness of fit leads to the 
conclusion. By visual. inspection, 
T dede appears that for Lists 2 and 3, 
um md curves are more skewed to 
E. ight than predicted; the preceding 
i ores too weak to respond to such 
not Siti es. Our main concern, however, 15 
predict a exactly how well these curves are 

| сеа. Instead, we аге interested. in 
ode] the underlying assumptions of the 
by Se! about how the curves are generated 

*_ OS Serial information processing. 

em presented the percent of Ss who 

Predicted yllables 1 and 2 in the order 
Scored a by the model. A syllable was 
rectly pu learned if it was anticipated cor- 
Neto in succession without two 
on hick subsequent errors. The trial 

OCcurr a learning was assumed to have 

Nore ed was the first trial of the two or 

C Successive correct responses. In Table 
is juo 1 is presented the percent of Ss 

Sli ned Syllable 1 before any other; 

vllabie 2 is the percent who learned 

learned 2 second irrespective of what was 
Portion first. Column 3 presents the pro- 
Prediete PO learned both syllables in the 
three jh order. It is clear that for all 
Qssum e Ss frequently did not meet ihe 
in that ion of learning Syllables 1 and 2 
1 8t order. Although the SP curve for 


List "e 
the бв the model's SP prediction well, 
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TABLE 1 


PERCENT ОЕ SUBJECTS LEARNING THE First Two 
SYLLABLES IN THE ORDER PREDICTED BY 
FEIGENBAUM AND SIMON’S MODEL 


% of Ss who 


% of Ss who | % of Ss who 


learned Syl- | learned Syl- learned Syl- 
lable 1 first |lable2second | 18015 1&2 
14:8 60 30 30 
2812 70 30 30 
3:16 80 60 60 
aN = 10. 


to be learned іп the predicted order тоге 
often than in shorter lists. 

The evidence that Ss frequently learned 
an item which was isolated in the list, i.e., 
items which are not adjacent to previously 
learned syllables, was also clear. We found 
in the case of Lists 1 and 2 that 70% and 
for Lists 3 100% of the Ss learned at least 
one isolated syllable. 

The main results, shown in Table 2, 
summarize the evidence that Ss learn 
more efficiently from the front of the list 
(forward learning) than from the back 
(backward learning). In the case of List 1, 
the F-S model assumption of symmetric 
learning from Item 3 to Item 8 is in- 
terpreted to mean that on the average, the 
trial of learning for Syllables 3 and 8 
should be the same; likewise, Ss on the 
average should learn Syllables 4 and 7, 
and 5 and 6, in the same number of trials. 


е learn: 
Lis, earning of the first two syllables for f 
the is quite discrepant. In the case of Similarly, for Lists 2 and 3, Table 2 pre- 
Be eio longer lists, this discrepancy ap- sents the pairs of item positions which 
small to be somewhat less. Because of the should be learned in the same average 
рц N, the differences related to list number of trials. | 
tend ! are not significant but there is a In 11 of 15 comparisons, the syllable 
*ncy for Items 1 and 2 in longer lists position nearer the front of the list was 
TABLE 2 
сет OF SUBJECTS LEARNING ОХЕ OF THE IDENTIFIED PAIR 
E кек OE SYLLABLE PosrrioNs First 
Ern. ——— 
мий Syllable position 
i a rc c = : 
(80) * 8 4 vs. 7 $,"* 25) 
2 20 50 50 7 £ 
3 vs. 00) S ss em s vs. 10 6 vs. 9 7 vs. 8 
3 (50) (40) | 0) 40) | (70) (30) | (00) (30) (45) (35) | . 
3 vs не e as Hi ||| боме 19 | 8 ede |, sr 1 9 vs. 10 
i vs. 16 4 vs. 15 5 v 1 _ E | 0 
OM | (00) до) | (оу) (50) | (75) 05) ево) (20) | (0) (0) (60 (40) 40) (6 ) 
N кеб... | dia i | m NAT M Ee 
^N = jo сене of Ss is given in parentheses. 
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learned first. In. two cases, there is no 
difference and the only two exceptions are 
small and occur for the two items which are 
actually adjacent in the list. This split of 
11 versus 2 is quite significant, p = .02, 
two-tail, exact probability. When analyzed 
by Ss, a similar but less significant 
emerges. Of the two 
to be of equal average difficulty, those Ss 
who more frequently learned. the front 
position earlier than the back position 
were classed as forward learners. Those who 
more often learned the back syllable earlier 
were classed as backward learners. In all, 
19 Ss proved to be forward learners and 9 
Ss backward learners with 2 Ss that showed 


no difference, z — 1.70, p < .09 (two-tail, 
Corrected for continuity). 


pattern 
positions predicted 


Discusstox 


Clearly, the F-S model fails 
important qualitativ: 
learning process 
syllable list, w 
rather well, 
the extent to 
strictly deter: 
variable than 
allows. The i 
tribution acr 
problem of n 
first, as well 


to account for 
€ aspects of the serial 
even in the case of the 
here it does fit the SP 
The main difficulty seems 
which the F-S learning pro 
mined. The Ss are much 
the fixed sequence of the model 
ntroduction of a probability dis- 
oss the items could resolve the 
ot always learning Items 1 and 2 
as the problem of learning isolated 
items, but this would presumably require one 
or more estimated parameters, The consistent 
tendency for Sreater efficiency jn forward 
learning also needs to be represented, 
argument is valid tha 

of the list is intrinsic 
of delayed cueing, 
the structure of th 


eight- 
curve 
to be 
cess is 
more 


casts doubt on the initi 
F-S model. Glanzer and Peters (1962) 
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ve 
onstrated that the shape of the pA 
changes with the length of the b ine 
interval (ITI). Glanzer and Peters n ong 
SP curve becomes more “peaked” with Gates 
ITI. Therefore, it appears that any P "eoe 
tory model of serial learning will Wo d 
corporate in its basic structure at ыал 
following properties: the relative € 
among the items, including the IT n b S utin 
ber of items and a probability ыш D. 
across the items, and the greater effic 
of forward learning. 
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VISUAL GUIDANCE OF LOCOMOTION ! 


University of Sydney 


The usual conception of visual guidance of locomotion is that it involves the 
problem of knowing where one is heading. It has been shown that this point 
corresponds to the center of the radial visual expansion of the surface being 
approached, and a number of ways in which the expansion pattern might be 
utilized in detecting this point have been suggested. This conception of the 
problem is rejected and it is argued that guidance situations requiring accuracy 
involve locomotion toward a specific target. The perceptual information for 
this guidance is provided by the movement of this target, the presence and 
nature of any drift signaling the presence of a heading error and the nature of 
the correction required. The rejection of expansion information judgments 
as the probable basis of guidance is based on the lack of response variation 
with variation of the stimulus display (at times extreme) and the high degree of 
inaccuracy consistently displayed. No improvement in accuracy occurred 
with variation of the viewing conditions, nature of the displays, and nature of 
the task, or from the use of monocular or binocular vision, free viewing or 
fixation, sophisticated and extensive instruction in the nature of the ex- 
pansion pattern. By comparison, the detection of target drift was shown 
to be affected by stimulus variation, the presence of an expanding background 
reducing efficiency of detection. Accuracy of cancellation of target drift was 
shown to vary with stimulus variation but to remain at a level of accuracy 
that was much superior to that of judgments based on expansion information. 


all е problem of how locomotion is visu- 

d Suided is commonly expressed in the 
“ ) 

^ "How do we know where we are 


Жор?” -p ; А 
Mer Phe answer to this question has 


eis can reach a remarkably high level 
Physical eh О must be able to react to the 
арргоац Characteristics of the point being 
M ry ached and detect its location with a 
den Small degree of error. The indepen- 
(тох àlyses of Gibson (1950) and Calvert 
have indicated the nature of the 
uniqueness of this point. They 


We 5 | 
Shown that as a surface is approached 


tho EXPeriments I to VIII formed part of a PhD 
отн to the University of Sydney, 1962. 
# Viation ton is extended to the Department of Civil 
| Vision ae to the Department of Supply for the 
К апа x а grant and equipment. Experiments 
Nivers: <^ were subsequently carried out at the 
2p ty of New South Wales. 

Leet евз for reprints should be sent to Keith R. 
бои E who is now at the University of New 
Sensi ales, School of Applied | Psychology, 

"Eton, Australia. 
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or traversed, it expands (in the sense that 
the visual angles subtended at the eye by 
features of the surface increase in size). 
This expansion takes the form of a radial 
movement of these features away from the 
point being approached, which is therefore 
characterized by being the center or focus 
of the optical expansion. For convenience, 
Calvert's usage will be adopted and the 
center of expansion referred to as “X.” 

If the information necessary for visual 
guidance is provided by the expansion 
pattern, it should be possible to improve 
judgments in critical guidance situations 
by providing textures which would clearly 
define the expansion pattern and its focus. 
In order to choose the pattern that does 
this most efficiently, a parametric study of 
the effect of textural variables should be 
carried out. The first two experiments 
reported here are of this parametric kind. 
The results were entirely unexpected, partly 
in that the errors made by .Ss were ex- 
tremely large. If these results were to be 
accepted, the implication would be that 
O cannot tell with any accuracy where he 
is heading. This conclusion seems so ob- 
viously absurd in the light of the accuracy 
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of visual guidance that a thorough exami- 
nation would have to be carried out to 
reveal why such unsatisfactory results were 
obtained. The results of such an examina- 
tion will be presented in Exp. III, IV, V, 
and X. To anticipate these results, the 
conclusion is drawn that it is highly proba- 
ble that the large errors are not specific to 
the experimental situation but are typical 
of the judgment, so that in fact O cannot 
tell where he is heading with any accuracy. 

Such a conclusion demands a reexamina- 
tion of the whole question of visual guid- 
ance. [t would seem that O does not need 
to know where he is heading with any 
degree of accuracy if he is freely locomoting 
and not restricted to guiding himself to- 
ward a particular goal or target such as 
the next portion of roadway or the thresh- 
old of a runway. In such Cases, a general 
sense of direction provided by the visual 
expansion, Supplemented as it usually is 
by orientation cues Írom the body or 
vehicle, is Probably sufficient. If the loco- 
motion 15 directed toward a particular 
target, the accuracy or inaccuracy of O's 
knowledge of where he is heading may be 
almost irrelevant, Visual guidance may 
depend upon some quite different judg- 
mental task. The use of expansion pattern 
information in the detection and correction 


of heading error sist of the de- 
tection of t 


» recognition о 
spondence with the 


of the path o 


f its noncorre- 


know (a) that he is not movi 
toward the target а 

correct this Situation by maki 
alterations to his path, The physics 
situation main the så 


н ame— x 
e with the 


ment of the target itself. 
target as being located on 


in the fronto-parallel, so th nt of 
the target tow; - 


ard О represented by an in- 
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crease in target size, the presence а 
target movement other than the har 
of the contours signals a heads an 
If the target drifts to the left, for B. |i. 
O is off-course to the right ү e dis 
correct his path of movement in th drift is 
tion of the target drift so that Ше КЕ ЧЫ 
canceled. If the rate of drift is Ts a ае 
high, the heading error is large and ¢ 
course correction is required. 


" $ ere- 
«ч Е E don is th 

Visual guidance of locomotio к where 
] case 
da 


"ase, 
desired target. When this is not the ca, 
О might have only the vaguest О 
as to where he is actually ep be able 
to the right somewhere’’—but sti ‚ cancel- 
to correct for the heading error by Сап 
ing the drift of the target. „what in 

Gibson (1966) has moved M is later 
the direction of this viewpoint in between 
writings in which he distinguishes ch to ай 
approach to a surface and appr г gui cd 
Object. Thus he says, ur 
locomotion is a matter of going to "|1066, P. 
goal in the environment [ Gibson, motion: | 
162]" and, in discussing animal loc E is 
Says that all the animal has to j soal in 
magnify the form of the desired, Se is 4 
order to reach it. Such a proce е5 an 
very crude basis for visual gu! A Ж 
Gibson still contends that “Тһе same mings 
visual approach holds true for oe centri 
flying or running: keep the focus үе thing 
ugal flow centered on the айтап. Ba, 
or the inviting place [1966, p. 1 Е icelin£ 

The task of detecting and C^ E 
target drift is бе 


ng OF 
much less demandi! speci 
е б d tasks SI je 
stimulus situation than the té heor 
in the у, 


arious expansion-pattern 
Gibson's theory seems to require 
ence of an extended differentiate а c^ 
Which would define the pattern 0! o5 259 
ships between velocities (ia his rma іо е 
count) or between shape transfor пе 17 
(in his 1966 account). Calvert ai e 00) 
ess demanding in this respect 45, is 
siders that the “streamer pager of 9% 
vided by the paths of movemen rg d 
tinctive objects such as the “rees әй 
Stub-bars of the runway or the 


e Я 
th асе 
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louses that might be near the airfield. 
These objects might be few in number and 
indefinite in shape, for example, runway 
lights at night. Calvert is more restrictive 
than Gibson in his viewing requirements 
as he specifies that O should fixate a target 
$0 that the movement information from 
the streamer paths might be detected by 
ine parafovea. Another possible use of the 
Pansion pattern is the weighting of the 
Velocities of objects moving in different 
опа апа one that does not require 
ihe expansion pattern as such but implies 
i po stenge of numerous surface elements 
movin detection of an element that is not 
ng and therefore corresponds to X. 
E theories require the presence of 
conse orm of differentiated surface, and 
ance шешу they cannot account for guid- 
mul Oward a target if no background is 
EV lor example, flying toward an 
“MY aircraft seen against the clear dome 
eg sky or toward a single lighted 
Matis. oe night, By comparison, the alter- 
a "bassi is that locomotion toward 
and Set requires the presence of a target, 
-nothing more. Indeed, the presence 
Sou, d Sally dominant expanding back- 
Ше де to the target could detract from 
drift jc uracy of the guidance by making 
Tl larder to detect. 
Assume initial parametric studies did not 
the any particular method of utilizing 
1 sig e поп pattern. Instead, it was 
t that O would automatically adopt 
T а appropriate to this highly 
Sible p ed task. The investigation of pos- 
ured ons for the very large errors that 
Ments., in these studies included experi- 
Dropria o cifically designed to provide ap- 
on ate conditions for judgments based 
geek hypothesized use of the ex- 
"Aver pattern (Exp. IV and X) and for 
| е A hypothesized use (Exp. V and X). 
the е Critical examination of the results of 
Slug rst two experiments led to the con- 
Cause that they were unreasonable be- 
Which they failed to show two properties 
Ment, des necessary if a particular judg- 
ble |^ task is to be considered the proba- 
| те Pies of visual guidance. These two 
| ements were therefore expressed as 


ат 


247 


general criteria for the assessment of the re- 
sults of all subsequent experiments. These 
criteria are that (a) as visual guidance is 
normally carried out with accuracy under 
a wide range of stimulus conditions in 
extralaboratory situations, the responses in 
the particular laboratory situation used 
should not be markedly inaccurate; and 
(b) despite this general tolerance of the 
nature of the stimulus situation, the re- 
sponses should clearly be a function of the 
visual stimulus information presented. In 
other words, some variation in the gen- 
erally high level of accuracy should occur 
as, for example, texture density is varied 
over a wide range or as the texture is 
changed from a pattern of dots to a grid 
composed of straight lines. 

These criteria are basic, so that the 
demonstration that one type of judgment 
is more accurate than another is no evidence 
that the more efficient judgment is the 
probable basis of visual guidance if its 
error rate is high and it shows no sign of 
being dependent upon what is hypothesized 
to be the relevant stimulus features. The 
application of these criteria therefore con- 
stitutes the main concern of these studies. 


GENERAL METHOD 


The S sat in an enclosed observation chamber and 
viewed a screen on which a shadow pattern was 
displayed. The pattern was made to expand 
radially from a center of expansion in a manner 
simulating the expansion of a surface approached 
at an angle of 90°. The textural characteristics of 
the shadow pattern were varied and the position 
of X could be varied from trial to trial. 

Apparatus.—The apparatus was a shadow pro- 
jector as described by Gibson (1957). A patterned 
sheet of glass was drawn toward a point source of 
light and the shadow of its pattern formed an ex- 
panding image on a translucent screen viewed by S 
from the opposite side. The position of the light 
could be adjusted in the plane parallel to the screen, 
and as the intersection of the screen and the per- 
pendicular to it from the light corresponded to X, 
such an adjustment allowed Æ to position X any- 
where on the screen. Relevant details are given 
in Fig. 1 and Table 1. Тһе responses showed a 
high degree of consistency despite changes in the 
particular light source used and even despite the 
use of apparatus in the last two experiments which 
was of the same principle as that used earlier but 
quite different in detail (for example, the screen was 
composed of different material). It is therefore clear 
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TABLE 1 
DETAILS OF EXPERIMENTS 
Variable Specification Exp. 

i 231 cm. I-VIII 
е 240 ст. IX, X йт 
Rate of movement of 3.6 cm/sec I-II, ve 

patterned glass 3.7 cm/sec IX, 
toward light 5.4 cm/sec 
Initial light to 131 cm. 
glass distance 156 cm. 
161 cm. 
194 cm. 
Final light to 47 cm. 
glass distance 51 em. 
6lcm. | 
Size of visible screen Round, 56 cm. diam- 
eter ч 
76 X 16 cm, IV-VIII 
71.5 cm. high X 65.5 IX-X 
cm. wide " 
Viewing cond, Field stop, roun 
pes aperture about 10 „и 
cm. from eyes, 
binocular 
Field stop, round 
aperture about 10 IH 
cm. from eyes, 
monocular 
Headrest, unre- М 
stricted binocular IV-X 
vis 
S to screen distance All 
that the basic requirements are that the display 
should be reasonab| y well-defined and 


should cause 
no visual discomfort to 5, 


Texture patterns,— py 
prepared by allowing 
out of a stencil pen or 
plate gl The resul 
replaced, were 


Ot patterns were generally 
small drops of paint to flow 
1 to the surface of a sheet of 
ting dots, if not rejected and 
roughly circular, approximately 
One-sixteenth of an inch in diameter and evenly and 
densely Opaque to their edges, Larger dots were 
prepared by punching circular dises from thick 
glue-backed Paper or fr lation tape 


Patterns con- 
agraph pencil, 
in Exp. II in 


Which thick strips of 


y Paper were glued on the glass, 
Extended patterns covered an area of at least 
63 X 63 cm. so that no сар 


visible on the screen, * de the pattern LK 

Some of the sm 
give the impres 
the actual disper: 
controlled, 


density of 25 


nall dot patterns Were designed to 
ton of random distribution While 
Sion of the dots was fairly Strictly 
one pattern, with а 
inch, Was constructed 


For example, 
dots per square 


SCREEN 


Fig. 1, 


Production of an 


expanding 
shadow pattern, 
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i :mplate 4.4 X 4.4 in. Опе dot vd 
Leo ei. E 2 in. square on Ше ш, 
the irregularity being achieved by c * ЈЕ i dn 
small squares into four subunits each У [Т these 
and randomly allocating the dot to ane Де 
subunits. The template was then used о рп E 
the large field of dots, detection of ше ДЕ by rin: 
its pattern being successfully preventee Faces X 
domizing its orientation. (Two Possi ccs 
Four Possible Sides) for each applicatio . 
patterns will be referred to as "irregular. 


> SSION-INFORMA- 
EVIDENCE AGAINST Son o БЕП 
TION THEORIES: INITIAL PARAME 
STUDIES 


Experiments I and. 11 


The first experiment examined шее. 
tural variable of regularity, two enn 
patterns (small dots in rows and soni dot 
being compared with two Ше ру 
patterns. Density was also varie "78, 
having one of each type of pattern s bout 
density of 23 dots per square inch (al cr 
16,000 dots visible at the start of the a ч 5 
While the two remaining patterns E 
density of 6.25 dots per square inch e ele- 
4,000 dots visible). The same plan ai s 
ment placement was used for the tw the 
regular patterns so that in one sense a 
6.25-dots-per-square-inch pattern was 
expanded version of the denser райт а 

In order to prevent 5 from remember re- 
judgments and adopting storeoty Pet о 
sponses, the position of X was varied. ation 
positions were used in the demonstra ot 
trials and four other positions in the 
trials (Fig. 2), 


Method 


Subjects —Twenty-four students from e А 
chology course were used. They varied ШЕ wi 
year to postgraduate, but all were unfamilia 
the research topic. Р PE 

Procedure and design.—The 5 was Even desc 
instructions Which contained the following 
tion of the nature of the optical expansion: 


et of 
гір” 


acros? 
The dots will grow larger and will MOV ansion 
the screen away from the center of ERA these 
that is, if the dots left a trail behind them» < ine 
trails would all radiate from one section 
screen. The centre of expansion can n happen 
anywhere that you can sec... . If a dot it wi 
to coincide with the centre of expansion 


ill simply 
not move across the screen but will simP 
larger. 


row 


OMM ec el 


i 
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n ee given 2 demonstration trials followed 
for a Block р which each. pattern was presented 
Sequences « s 4 trials. Each of the 24 possible 
allocated ч the four pattern blocks was randomly 
lock consi опе of the 24 Ss. The 4 trials within a 
Cent sted of four different positions of the 

The same four positions were 


n я 
Used ү of expansion, 
Sed for ez des 
Was r each block, but the sequence of positions 
The domized. 

ne S indic: . + T 

Of ера indicated the judged location of the center 
a spot of ta at the end of each trial by positioning 
by a ter sight on the screen. This was produced 
Deriog ii Which was on only during the response 
a dial 6 he orientation of the torch was read off 

utside the observation chamber. 


Results 


cddrriment 1—The responses were re- 
torch a hs ife of angular coordinates 
егес t lentation) and these were con- 
the ien: plots on a chart of the screen. 
Correct repancies between the judged and 
Mear dee of X were measured as 
Next bec rounding the result to the 
i test quarter of an inch. An analy- 
variance performed on these error 
e Yielded only one significant effect, 
( Y pe of the center of expansion, 
that Te = 5.091, .05 > p > .01, indicating 
a positions of X were the most 
Beberi, Judged. 
Slowed nen II.—The second experiment 
“Mined the same basic procedure and ex- 
pi the the effects of variation of the nature 
Size, Clements of the pattern and of their 
le patterns used were a regular 
E. ba Pattern, with a density of 6.25 
"me ln s inch, a pattern having the 
ilar gular dot arrangement and a very 
par elg. 0? but having dots of 4 in. in 
1 Whice instead of т in. and two patterns 
plur еа Solid lines replaced the rows and 
Ше os of dots. The thickness of the 
Чо, AS matched to the diameters of the 
Ne X was varied over seven posi- 
"IR. 3) and the seven Ss had all 
d Chea m the first experiment. 
Et Sment interest was in the grid versus 
Bitten Variation, for patterns of кай 
the od might be expected to be much 
a Wd eet with discrete, isolated units 
ба ап integrated pattern. Оп the 
jn ПЧ, the pattern of shape transfor- 
Presented by the enclosed squares 


Scores 
the 


üc 


Fic. 2. Location of two practice positions of X. 
(A and B) used in Exp. I and the four test'positions; 
responses to Position 1, all patterns. (C — center. 


of screen.) 


of the expanding grids might give those 
patterns superiority. 

The results were similar to those of the 
first experiment, the only significant result 
being the main effect of the position of X, 
F (6, 36) = 5.89, p < .001. Once again, 
the central position was the most accurate. 


Fic. 3. Location of the seven test positions of X 
used in Exp. П and responses to Position 1 for all 
backgrounds. (C center of screen.) 
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Discussion 


The responses in these two experiments 
failed to satisfy the criterion that some varia- 
tion should occur with marked changes of the 
stimulus presentation. This failure was not 
due to the tolerance of a highly practiced skill 
of such stimulus changes, as the responses 
definitely fail the error-size criterion. The 
mean errors for the 16 pattern/position con- 
ditions for Exp. I ranged from 3.01 in. to 
5.24 in., corresponding to visual angles from 
Вир tor 7 25. The raw scores ranged up 
to 15 in. (on a screen only 22 in. in diameter), 
The same large mean errors were evident in 
the second experiment, and the raw scores 
ranged up to 11.5 in. 

The significant result due to position of the 
center of expansion was affected by two arti- 
facts in the situation. With errors of the size 
obtained, the variation in the maximum possi- 
ble error becomes important. The maximum 
error for a central position would be about 11 
in., the radius of the screen, while that for a 
peripheral position would approach 22 in, 
Another artifact was the marked tendency for 
the “center of gravity" of the responses to be 
toward the center of the Screen (Fig. 3). De. 
Spite this, the responses for central positions 
Were widely scattered, the responses for the 
most accurate position in the first experiment 
Covering half of the screen (Fig. 2). 


EVIDENCE AGAINST Expanston-] 
TION THEORIES: EXAMINATION or 
BLE ARTIFACTUAL Caus 
LARGE 


ORMA- 
Possi- 
ES OF THE 


IRRORS 


Experiment III: Randon 


1 1 Error from 
an Unknown So 


urce 


uld be revealed if the 
IS extreme, т 

tested by using two patterns th i 
in regularity and density. 
pattern presented 
4,000 


The regular 
ay of about 
and a final 
е irregular 


Viewing was changed from binoc 
monocular to avoid locusin 


may have increased the 


| b ular to 
g difficulties that 
difficulty of the 
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task. The 20 Ss were given 4 i 
tion trials, using two positions О M e 
and B) and 36 test trials, the 18 a Rc 
each pattern consisting of 3 for me E 
six positions of X. Two positio: vo the 
were to the right of the screen, e VAR 
left and two near the center. 
near eye level. | m. 
The results were examined in деш “к 
typical results are shown in Table aimee 
the results for the two patterns were а nate 
identical, it seems unlikely that oye age 
effects were being swamped by rà 
error. 


Experiment IV: Inadequate or 
Inappropriate Instructions 


that 
An implicit assumption has pud o 
although few persons would be br. 
the expansion pattern while logean A 
nevertheless Ss could consciously ipn 
it and make use of it when instruc bably | 
do so in the laboratory. This is Peoria | 
the case with possible sources of in Я 
tion for other aspects of locomotion , 


nts 
Ў ray jo} 
example, the rate of flow of roadway 10! 


eer 
1 ion patte 

toward a vehicle, If the expansion p^. 
Were of this class o 


Я ation 
f perceptual Dg dm Д 
е а 
the inaccurate responses could i MC 
sulted from inadequately instructing 
to the rather 


hich he 
complex aspects to un al 
had to attend. To test this possibil! redo 
expanded set of instructions was prep lec- 
This took the form of an individus pan 
turette in which the nature of we 
sion pattern was fully explained pus 
trated by means of diagrams. MN 
of this kind would be appropriate 
of the possible ways in which 
make use of the expansion p 
locate X. report 
By this stage in the rescarch, the d indi; 
of Ss and the observations of Æ ha! ould 
cated that theories assuming that о the 
directly perceive the radial nature ` o pe 


y : ikely + 
expansion pattern were most unlike d P% 
correct, : 


:mited P. 
One can attend to a limit cti 

tion of tl 
of move 


€———— 


mo t 
mig 
attern 


e pattern and perceive ч p ё d 
ment and, to some extent, eter? 
movement, but when the whole pê e oci? 
attended to the differences in the V 


di 
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and direction of movement of elements are 
almost nondetectable. There is a strong 
illusory impression of the movement of the 
Pattern toward O, and this illusion is 
Tesistant to knowledge of the fixed nature 
of the screen. "The impression is of a uni- 
tary surface coming forward in a single 
direction rather than of a collection of ele- 
ments which move in many directions. 
The expansion of the pattern appears 
uniform and seems to be limited to an 
awareness that the distances between ele- 
Ments are increasing, and it would seem 
that even this impression may disappear 
When the boundaries of the visual field are 
made sufficiently indefinite, giving the 
flect of a pattern of fixed size coming 
Orward, 

Gibson's theory is concerned with the 
Overall pattern of change of the surface and 
М has indicated that S could be instructed 
it Use the expansion pattern to locate the 
a оа of expansion” (1950, p. 130). De- 
Pite this, it would seem that the informal 
P should not be used to dismiss Gibson's 
ез as it seems likely that it does not 
ban k upon the direct perception of the 
tta s radial flow (statements by 
Dort : Subsequent to this experiment sup- 
should E view). The expansion pattern 
relate » pe regarded as a stimulus cor- 
tions , which „would mean that instruc- 

atc, Phasizing the physical expansion 
Would i would е inappropriate as they 
analog 2е requiring S to perform a task 
um cae to judging the degree of his 
o dnd disparity rather than one analogous 
i Stru ging the distance of an object. The 
Ctions would have to emphasize the 
Product, the awareness of the point 
e which one was heading, and in- 

ii of this type were therefore ad- 
i ered to a second group of Ss, the 

PProach" group. 
no, 28 Primary aim of this experiment was 
Ика сотраге the performance of groups 

ag different instructions but to try to 
Sponses ME group that gave re- 
‘Teaso iat could be described as being 
nably accurate." 


Is 


towa, 
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TABLE 2 


RESULTS ror Born CENTRAL AND ONE or EACH 
LATERAL POSITIONS 


Results (in in.) 
Position and 
i isplace- | Distan 
pattern cond. | Mean | Range of | mentof | between, 
error errors mean mean 
position | positions 
Left regular 6.4 | .5 -17.0 5.5. «| «d 
Left irregular 6.8 |.5 -20.0 $8 | 
Center regular | 3.6 |.5 -11.0 a5 | 
Center irregular | 3.4 |.5 —10.0 32 | 13 
Center regular | 3.9 |.5 —10.0 1.7 
Centerirregular| 3.3 |.5 — 9.0 2.2 1.3 
Right regular 3.4 |.5 -13.0 24 
Right irregular | 3.6 | .75-13.0 2.3 2 


Method 


Apparatus —Two changes were made to the ap- 
paratus to make the task easier. The field stop was 
removed and replaced by a headrest. This allowed 
S to use binocular vision to obtain an unrestricted 
view (about 30 X 30 in.) of the whole screen and of 
the surrounding framework. The speed at which the 
patterned sheet was drawn toward the light was 
increased from 3.6 to 5.4 cm/sec. 

Procedure and design.—For each group of 14 Ss, 
each S was given the appropriate instructions and 
one demonstration trial, followed by 10 test trials 
consisting of 5 trials on cach of two positions of X. 
Position 1 was at the center of the screen and 
Position 2 was 20 cm. to the left at the same level. 
The demonstration position was midway between 
the two. The order of positions over trials was 
randomized and the same stimulus display, the 
irregular small dot pattern density 6.25 dots per 
square inch, was used for all trials. 

At the end of the test session, S was questioned 
about his comprehension of the instructions and the 
difficulty of the task. 

Instructions.—' The relevant section of the Ap- 
proach instructions was: 


The pattern will start to look as though you are 
moving towards it. The edges of the screen will 
look as though they are the edges of a window. 
You are looking through the window at the dots. 
What I want you to do is . . . to try to locate 
the exact point towards which you are moving. 


The Radial Ss were each given a lecturette about 
the nature of the expansion. A picture of the initial 
appearance of a dot pattern was shown, followed 
by one of the expanded final appearance. A third 
showed the initial appearance superimposed on the 
final, with some of the radiating paths of movement 
indicated and the location of X marked. A final 
picture showed a similar composite with X towards 
the edge of the pattern instead of near the middle. 
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TABLE 3 
Еккокз or тне Two INSTRUCTION Grours 


Errors (in in.) 


Group and 
ition a i 

маланы | Rageot | оа 
Approach 1 | 4.43 | 1.00-12.50 | 
Approach2 | 616 | -50-18.50 
Radiall | бз | .25-18.50 
Radial 2 6.36 — | 1.00-19.00 

Note.—Di 


ion error is tlie mean 
Position for cach tr 


absolute d 
the mean judge ^ 


Results 


Responses to questions —All Ss indicated 
that they understood the instructions. One 
member of the Approach group said that 
they could have been more detailed. In 
general, the Approach group found the 
task undemanding and had reasonable con- 
fidence in their judgments, while the Radial 


group found it demanding and had little 
confidence, 


correct positions: (a) 
results presented in 
at neither group could 


easonable accuracy, 
The only mean error less than 6 in, We 


‹ ri being 
/ accurate results 
JY setting criteria 
aningfu]" responses, 
lean error for 


Phese Were that S's n 
ials should be 3 


tion over the five tri 


both Positions, None of the Radial 
qualified for th i 
three of the 
Position 1 and three for Position 2 
the second 1 


Criterion is added, 2 
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T : ly 1 
failed to qualify for Position Re у 
S out of 28 satisfied all three criteria. 


Discussion 


he 
Detailed instruction in the pios 
expansion failed to lead to any dd of the 
in performance. Changing the ч tin pabid 
task by emphasizing judgments ш dc i 
being approached likewise epis it woul 
provement in the responses, so tha! the pre- 
seem that the large errors obtained in “equate 
vious experiments were not due to ina 
or inappropriate instructions. 


А "plays 
Experiment V: Inappropriate Display 
and Lack of Fixation 


in- 
The displays used may have been nj 
appropriate for examining зерен. o 
emphasize the use of a limited jes nerally 
surface features as they were m dis- 
composed of many identical еше over 
tributed in a fairly uniform ТАН Кер! 
the whole screen (but see the | re ner 
pattern in Exp. III). Calvert's that 0 
(1954), for example, differs from "E 
Gibson (1950) by emphasizing een s 
able features, probably as a T dinis a 
Calvert's concern with aircraft lan landin 
night and of his awareness that the “nima 
strip and its surrounds often have m! form 
texture. The surface as such woul n 
à generally undifferentiated backgro i 
the distinctive features of the spouses 
corners and stub-bars) and to the in thé 
trees, and natural formations s from 
Vicinity, Calvert's theory also dir зоп 
Gibson's in its identification of the ШЕ basis 
of movement of these features as Of е0 
of guidance rather than patterns "Calvert 
ities or Shape transformations. Р Ok sectio” 
the location of X is given by the inter sion 
of what would be the backward ag mh 
the Paths of movement of these were Hm 
the "streamers") if the lggamonon orde! 
a straight line towards the surface. aths ©. 
to take account of the complex Pi vering 
movement resulting from the m x i 
of the aircraft, Calvert specifies i thé tan 
the "instantaneous intersection О „tion 0 
Sents to the streamers, The ei 
movement of these streamers is sa! 


t 
yer 
alv 
detected by the parafovea, and 
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emphasized that O fixates so that this per- 
Ceptual analysis can be carried out. 
It was decided to test Calvert's theory 
Y using a limited pattern (an idealized 
representation of a runway) and providing 
Or fixation. As Calvert stated that the 
Pilot fixates his target, a small target was 
Corporated in the pattern near the thresh- 
Old of the "runway." The runway pattern 
Was designed to provide parafoveal stimu- 
ation and it would provide the multiple 
Streamers necessary for the specification of 
the location of X, the intersection of the 
Streamer tangents. 
D visual presentation may be con- 
ed with one in which the crucial as- 
sats parafoveal stimulation and multiple 
ou Le absent. Such a display 
be provided by the fixation target if 
еше alone, provided that it was cir- 
Was т With no noticeable irregularities and 
small enough to remain limited to the 
As the visual angles quoted for 
E and parafoveal | stimulation. vary 
Е author to author, it was decided that 
Жеш would be deemed to provide 
Wind ce stimulation if it extended be- 
шщ; ; the largest figure given for foveal 
iore D, while the target would be 
it Ved to provide only foveal stimulation 


it s 
,;. Never exceeded 1.5°, the smallest angle 
Siven, 


Method 


ч 
sis tal displays.—The parafoveal display con- 
Project; an upright rectangle with short horizontal 
Of th tons midway up the long sides. At the start 
to se. trial, the height of the rectangle corresponded 
increas and its width to 2°14’. The projections 
the Ка the width to 2°48’. At the end of the trial, 
[unn corresponded to 16°18’ and the width to 
Slight) Or 7°26! with projections. The target, placed 
had | Y Above the center of the base of the rectangle, 
the à diameter corresponding to 0°8/ at the start of 
from 18] and 0°24’ at the end. The X was 14.4 cm. 
Oved Sg a Bet at the start of the trial and the target 
609 72.6 cm. down and to the left, at an angle of 
ап, к Ше horizontal from a position at eye level 
"he ‘Way across the screen. 
With foveal display consisted of the same target 
Su 16 rectangle and its projections removed. 

(stu ones and procedure.—Two groups of 20 Ss 
We a and clerical and junior academic staff) 
the, eat They were told to try to imagine that 
Vere in the cockpit of an aircraft which was 


TABLE 4 
ABSOLUTE DEVIATIONS FROM X 
Errors (in in.) 
Group | Median splits 
Mean error | Grand median 
| ЖЕШ ИЕ: 
On fifth trial 
Foveal 6.38 k 9 | 11 
Parafoveal 5.87 5.95 | 11 | 9 
Over five trials 
Foveal 6.17 | 5.37 9 11 
Parafoveal 5:92 | "Е 11 9 


approaching the screen display and that they were 
to judge the point being directly approached while 
fixating the target. They were then given two 
demonstration trials followed by five test trials. 
All Parafoveal group Ss were tested with the rec- 
tangle present, and this was then removed and all 
Foveal group Ss tested. 


Results 


The most noticeable feature of the re- 
sults was the extreme inaccuracy displayed 
by both groups. The Foveal group errors 
ranged up to 15.5 in. and those for the 
Parafoveal group up to 14 in. and the 
mean errors were very large. The errors 
were compared by splitting their distribu- 
tions at the overall median and, as Table 4 
shows, the Parafoveal group was obviously 
no less inaccurate than the Foveal. 


TABLE 5 
LOADINGS ох A AND В AXES 


Loadings (in in.) 


Group 

| A | B 

On fifth trial 
Foveal | 1.11 | — .82 
Parafoveal | —.14 | —5.06* 

| 

Over five trials 
Foveal 27 — 2.00 
Parafoveal 05 | —4.59* 

*p <00. N 
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A plot of the responses on a chart of the 
screen showed an apparent difference in 
their distribution. This was examined by 
drawing a set of axes, A and B, with Axis 
B lying along the path of movement of the 
target and the intersection of the axes 
X. Two criterion scores were obt: 
each axis—loading on the fifth 
mean loading over the five tr 
Table 5 shows that the p 
were significantly 
ward the final 
both measures. 


at 
ained for 
trial and 
ials—and 
arafoveal responses 
biased away from X to- 
position of the target for 
The Foveal group showed 
no such systematic bias in their dispersion, 
and the difference between the groups was 
Significant when the criterion was the re- 
Sponse on the fifth trial (.02 > p > 0.1). 


CONCLUSIONS 


ose features of the 
Calvert (1954) to be 
X, namely, multiple 
eal region, produced 
as inaccurate as those 
these features, and as 
een the conditions con- 
ic bias of the parafoveal 
e position of X, it was 


concluded that Calvert's theory should be 


rejected, 


Other Possible Causes 


Two possible causes of the ] 
be the restricted siz 
use of binocul 


arge errors would 
е of the s 
аг vision, 


ance—and ano 
the subjective 
motion toward the surfa 
guidance Specifies that tl 
sion of motion is 


motion, 


се. As no 


н theory of 
MS subjectiy, 


€ impres. 


r the whole visual field) 


he pres 
research, i 
„Gibson has actually championed the use of 
binocular view. 
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Exp. III produced no improvement M 
responses, it is doubtful if this с Mee. 
responsible for the large errors. _ Tue uo 
was of restricted size, but in Exp. d to ^ 
example, it would have corresponde a did 
windscreen about 15 X 15 in. in size а: wae 
tance of 20 in. As this ed ad 
filled with the expanding pattern and e E 
have an almost textureless "sky" ker 
large section, it would not be an e te Бе 
representation of the visual field like de 
present in many forms of vehicular loco vas ite 
In any case, if the size of the screen Mom 
adequate for the use of the expansion m view 
a judgment requiring extended fields edema 
is not likely to be of much use when Г Es 
driving at night or flying a fighter wi 
stricted forward vision. erally 

In normal locomotion, surfaces C the 
maintain a fairly constant density Че ait 
expansion as new elements become visi atterns 
join the flow pattern. None of the P vant 
used had this feature. If this were re FU 
one might expect differences in ip is 
racy to occur when texture density yene ERIS 
extreme (Exp. III) and reasonably a high 
responses to be given when the density d 
(Exp. I). Displays of lights appro E does 
night also do not have 


not seem likely that the guidance of 
approach wou 


Perceptual task to that towards an exte! 
surface in daylight. А tended 
The rate of simulated approach was in te 0 
to provide a definite but not explosive T2 has 
expansion on the screen. Palmer (100) ар" 
Systematically varied the rate of simulatec are 
Proach and found that although ато d 
smaller when faster expansions are use foun 
still remain unacceptably large. He also ар" 
that variation in the simulated angle S the 
proach (90° and 15°) had no effect ° 
responses, ciency 
It is considered that even if some w— 
in the laboratory situation (such as m very 
Size of the Screen) is responsible for the opti 
large errors, any judgment that requires to be 
mal conditions for accuracy is unlikely itio? 
the basis of visual guidance. Such e E 
are not always present in common ij 
Situations and it seems uneconomical in 80 
clude that the basis of guidance differs !? , ted 


И ы á restri? 
Situations from that in less 
conditions. ‘ 


ou 


EVIDENCE SUPPORTING THE TARGET-DRIFT 
THEORY: Factors AFFECTING DETEC- 
TION OF TARGET DRIFT 


Experiment VI: Drift Detection with 
and without an Expanding 
Background 


It has been suggested that instead of 

Carrying the relevant perceptual informa- 
tion, the expanding background could serve 

to reduce the efficiency of guidance by 

Making target drift harder to detect. The 
rst experiments on target drift were mainly 
Concerned with this role of the background 

s provide evidence that the task satisfies 

T Criterion of varying in efficiency as the 
mulus conditions are varied. 

Brun Ss were tested with a target pre- 
F ed either by itself or against a grid 
ackground (the thin-lined grid of Exp. 
UM Both target and grid were made to 
4, the target increasing from a diam- 
i» of .9 in. to one of 2.3 in. The Ss were 

luired to detect the presence of the drift 

f duced by displacing the target to the 

tor right of X. The displacements were 

› 1.18, or 2.08 in. and the target was 0, 
trial or 5.35 in. from X at the end of the 
aten The major response measure was 
“ney of detection of drift, and the use 
gay, ferent measure on half of the trials 
evidence that these measures were 


vali i 
Eid. An analysis of variance of the laten- 
$ showed that the mean latency with 


came present (16.73 sec.) was signifi- 
i Y greater than the mean latency when 
е absent (13.94 sec.) Тһе use of 
for т displacements provided evidence 
піве, le basis of drift detection. | The sig- 
Sec бу different mean latencies (13.05 
Sec. 5d the large displacement and 17.63 
dista Or the small) can be converted into 
onte moved by the target. As the 
it City of the target was determined by 
ые from X, the detection of move- 
a 1 Should take place at much the same 
© target distance regardless of the 


initia] © { 
P Size of this distance if detection 
old nds upon the target reaching a thresh- 


velocity. These distances were 6.49 
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cm. and 9.25 cm., respectively, for the 
small and large initial displacements with 
the grid background and 5.82 cm. and 7.96 
cm. for no background. The actual dis- 
tances moved by the target, 3.49 cm. and 
3.96 cm. for the grid present and 2.82 cm. 
and 2.67 cm. for the grid absent, were 
much more constant, suggesting that dis- 
tance moved rather than velocity attained 
underlay detection. 


Experiments VII and VIII: Drift Detection 
with Quantitative Stimulus Variation 


Method 


Having shown that the detection of drift varied 
in difficulty with a qualitative change in background 
conditions, an attempt was made to discover the 
effects of quantitative changes in both the back- 
ground and the target. The background chosen 
was the irregular dot pattern used in the early 
experiments and the density of this was varied over 
a number of steps. The size of the target was also 
varied. Details are given in Tables 6 and 7. 

For Exp. VII, 24 Ss were presented with four 
background conditions in blocks of nine trials. The 
nine combinations of three target sizes and three 
movement conditions (left, right, and no movement) 
were randomly ordered within each set of nine trials. 
Each of the 24 possible orders of background was 
allocated randomly to an S. The response measure 
was latency of detection of drift. 


Results 


An analysis of variance of the latencies 
yielded significant F ratios for density and 
target size (F (3, 69) = 11.96, p < .001, 
and F (2, 46) = 3.82, .05 > p > .025. Ап 
examination of the means for density 
(Table 6) showed that the mean latencies 
for very different backgrounds (3 and 4) 
were remarkably similar and that the 
change to Background 2 was only slight. 
The major effect appeared to be produced 
by the introduction of a background as 
opposed to none, and post hoc comparisons 
confirmed that the only significant differ- 
ences were between the conditions of no 
expanding background (1) and all other 
background conditions. 

Background 2 had not been prepared as 
carefully as the other backgrounds and its 
average density was found to vary from 
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TABLE 6 
BACKGROUND DENSITIES AND MEAN LATENCIES 


Background densities (in dots per square inch) 


] 
Li 1 2a 2 | 2b 3 4 
E = a 25.00 
On glass slide 0 .25 37 | 1 з un 
On screen at start of trial 0 Ad 79 | Er 31 12. 
On screen at end of trial 0 01 0. | t | 
Mean latencies (in sec.) 
| 14.72 
5 | 1456 
Exp. VII 11.10 13.75 | 
Exp. VIII 10.50 12.64 1340 | 13.95 


the center to the edge. As it appeared 
that this background was at a critical 
point in the density function, it was re- 
placed with two other backgrounds, 2A and 
2B, in which the average density was more 
strictly controlled and the distribution of 
lot elements followed the same plan as 
that of the denser backgrounds. Back- 


grounds 1 and 3 Were retained but 4 was 
omitted. 


Targets 2 and 3 were retained 
smaller targets, 4 and 5 
different sample of 24 Ss 
same general procedure. 


and two 
» Were added. A 
Was tested by the 


Discussion 


The results Were generally consi 
those of the previous experiment, 
effect for background density was significant, 
F (3, 69) = 9.441, 001, but post hoc 
comparisons again revealed that the significant 


TABLE 7 


TARGET 51285 anp Mean LATENCIES 


stent with 


| Target diameters 
Display 


(in in.) 
Sea So 
| 1 2 ] 3 4 5 
On glass slide | 91 44 | 22 j 
: E E 2 11 05 
n screen at L34| 65| 335 ] 
Start of trial А 16) 08 
П Screen at 4.11| 1.98 99 5 5 
end of trial >o as 
Mean latencies (in sec.) 
Exp. VII | 13.95 | 13 57 | 13.07 
Exp. VITI | 13.14 | 12.60 12.19 | 12 ss 
тва oe аен 


and 

differences were all between no —- sai 
all other background conditions. ГЕ nsities 
ent trend does suggest that the use of mp 
between those of 1 and 2A would make doubt- 
fitting procedures appropriate, but it 15 ded as 
ful if such backgrounds could be y omm as 
simple quantitative variations of D 
the particular dispersion of куы дЫ уегу 
the target would be likely to becor 
important. on- 

The trend for target size was generally “put 
sistent with that obtained in Exp. pe 
due possibly to factors resulting from t ts the 
Optical resolution of the smaller fare would 
main effect was not significant. p tren 
also account for the apparent reversal o 
for the smallest target, recise 

It is probable that the use of more puer 
measures and a better optical system hanges 
lead to the detect den- 

Че to variation of both target size an es the 
sity, but it seems clear that in both We indi- 
effects are slight. The results appear ffect 0^ 
cate that density variation has little € 


ive 
А апу! 
the detection of drift, but the qua a 


A Е іоп 0 
change resulting from the M ortant 
background of any density is the imp 
factor. 


ion of quantitative С 


> TARGET- 
EVIDENCE SUPPORTING THE pee 
Drivr THEORY: CANCELLATIO? 
OF TARGET DRIFT 


е n 
Experiment IX Qualitative put 
Variation and Cancellation of Dr 
It has been 
satisfies th 
the reley. 
Criterion 


-ectio® 
shown that drift a of 
€ criterion of being a func it the 
ant stimulus information, Ри ‚40 
accuracy is more ЧИС 
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apply. This means that it is also difficult 
to compare the accuracy of this task with 
that of judgments of the location of X. 
It might also be argued that the demon- 
Stration of O's ability to detect drift is 
Not necessarily evidence that he can make 
Use of this drift information. A task in 
Which S actively utilizes the drift informa- 
Чоп and cancels the drift by moving the 
target in the opposite direction was there- 
оге substituted for the passive detection 
of drift. The physics (but not the psy- 
chology) of this drift cancellation involve 
p movement of X into coincidence with 
M target, and the accuracy of performance 
E n be assessed by measuring the discrep- 
ancy between the adjusted position of X 
and this position of coincidence. This 
Measure would be directly comparable to 
jr, asure of accuracy in the expansion- 
rmation task— the discrepancy between 
e actual and judged locations of X. 
lise new task was made possible by the 
E new apparatus in which the point 
Ada Was mounted on à carriage and 
Tán be moved along a set of rails which 
Scre 9n a horizontal path parallel to. the 
of oa lhe S could control the position 
ag Ls light (and hence of. X) by means of 
Witch which made the light move to the 
T es right at a rate of about 15 mm/sec. 
off 4 nal position of the light could be read 
T the nearest .5 mm. 
| ioni n new apparatus diflered in detail 
ame dat used previously but was of the 
Sue The S's position could be 
Io. ted so that his eyes were aligned with 
Mens er of the screen. Head movements 
loise gently restrained and extraneous 
`5 reduced by means of a headrest 
езп of an inverted pair of ear muffs. 
| Wing was binocular with no field stop. 
р. € aim of Exp. ІХ was to demonstrate 


со 


hat a 
Pine Ss could make use of detected drift, 
ing Celing it in a manner analogous to steer- 


Visier. a target. It was also intended 
lag PW that although the accuracy of the 

S T affected by. variation of. the 
rere conditions, (Criterion 2) the effects 

y o ыз: ехїгете апа the errors remained 
i Major Acceptable size (Criterion 1). Phe 
Stimulus variable was the nature ol 
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the expanding background to the target, 
the four backgrounds being chosen to 
represent a wide range of stimulus condi- 
tions. The backgrounds were (a) com- 
pletely blank, (b) a rectangle with side 
projections as used in Exp. V, (c) an overall 
irregular dot pattern, density 25 dots per 
square inch, and (d) an overall fine-line 
grid as used in Exp. VI. The target, a disc 
9 mm. in diameter, cast a shadow which 
varied from 11 mm. in diameter at the 
start of the trial to 39 mm. at the end. 
The location of the ‘‘on target" position 
(zero heading error) was varied, as was the 
direction of the initial drift. One location 
was at he center of the screen and the 
other was 5 cm. from it at the same level 
and to S's right. The initial heading errors 
were 5 cm. to the left and 5 cm. to the 
right of each correct location, producing 
drift to the right and left, respectively. 


Method 


Each S was given all conditions twice (a pre- 
liminary check showed that no change in accuracy 
occurred over 32 trials). The .§ was allocated a 
random permutation of the four background condi- 
tions and two random permutations of the four 
location and heading error combinations for each 
background. The 12 5s were each given a demon- 
stration trial which used the background scheduled 
for the first block of eight test trials and were shown 
how to cancel drift by moving the target in the 
opposite direction. This was followed by four 
practice trials using a random permutation of two 
“on target" locations and two initial heading errors. 
The locations were 2 cm. to the left of center and 
8 cm. to the right, and the initial heading errors 
were 4 cm. to the left or right of cach location, 
producing drift to the right and left, respectively. 
Obvious faults of understanding were corrected and 
the 32 test trials administered. 


Results 


The absolute displacements of the light 
source from the “оп target" position were 
taken as the error scores and subjected to 
an analysis of variance. The main effects 
of background and direction of initial drift 
were both significant, F (3, 33) = 13.48, 
p < .001, and Ё (1, 11) = 6.73, .025 > p 
> .001, respectively. The double inter- 
actions between background and location 
and location and direction of initial drift 
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TABLE 8 
MEAN ERRORS IN MILLIMETERS 
Background 
Location/drift 
= None | Rectangle] Dot | Gria 
Center/left 6.81 7.06 12:21 | 12:77 
оа 7.50 7.42 13.56 | 12.00 
Off-center/left 3.75 4.44 9.35 | 12.27 
Off-center/right 10.90 13.94 15.63 | 24.31 


were also significant, F (3, 33) = 4.27, 
025 > p > .001 and Р (1, 11) = 27.40, 
P < .001. The means for each condition 
are presented in Table 8. 
An examination of the me: 
that the aims of the e 
achieved as the errors 
remained so despite the 
of the experimental con 
center location (5 cm. 
duced mean errorg for 
that were larger th 
conditions, but ever 
was less than 25 mm. 


ап errors shows 
xperiment were 
were small and 
significant effects 
ditions. The off- 


Discussion 


The effects of the experimental conditions 


‘ately because of the sig- 


€ dot and grid back 


cen the effects 
5, dot an i 
and those of the lir 1 Ц 


.O0 Леге appears to 
Increase in difficulty 


When an Overall | 
‘ pn ü back- 
ground is Introduced, and for these results it 
may be more Correct to regard the rectangle as 
merely an exten 


t rather th 
as a background, 29 


The results for the off-center location 
Very different, The mean errors 
the left were generally the sm 
location/direction condition, г 
tion of the 

atypical in th 
tions of drift, 
right were 
th 


Хатіпа- 
at they ұу 
at they tended to be ov, 

ne mean errors for dr 
by far the large. 
at the target would 


ere 
ercorrec. 
ift to the 
st, despite the fact 
have approached 4 
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stable reference frame (the edge of the ae 
more closely in this condition than n am 
other. The differences between the ped ta 
directions for this off-center location S d | 
tween the direction results for the two M d 
center and off center, cannot be exp dd 
as being due to central versus Nis the 
retinal stimulation, as Ss would be fixating 
rget under all conditions. - 
he variation between the background 
means for the off-center location, particu d 
those for the drift to the right, suggests Я a 
sistent increase of mean error as the E own 
of the background is increased. TM a 
addition of the rectangle to the targe Fie 
vided more complexity, the overall dot ра а 
still more, and the highly integrated e p A 
tern the greatest degree of complexity 
kground. x 
E — differences between the results H 
the central and off-center locations br 
that steering toward a target which P ding 
centered in relation to O (because of a = of à 
aspect required to counteract the effec "other 
cross-wind, for example,) presents a S et 
different situation to that in which О can te% 


^ rd his 
that he is going "straight ahead" towar 
desired target. 


eT 
EVIDENCE Supporting THE TancrT-DRIT 
THEORY: COMPARISON OF CANCEL- 
LATION OF DRIFT PERFORMANCE 
WITH JUDGMENTS BASED ON 
EXPANSION PATTERN | 
INFORMATION | 


j4 
. . А . | огта 
Experiment X * Use of Expansion T nf. 

Hon under Optimal Conditions 


be 
The errors obtained in Exp. IX чо 
Compared with errors in judgments a i 
9n expansion information. As the we he 
tions for maximum accuracy differ eel 
two tasks (for example, the most - k- 
Condition for drift detection—no =, 
g£round—can hardly be used for th out 
task), it was decided to use backgfO", e 


Ж th 
F A d bias ; 
and other conditions which would 
results in f 


judgments, 
the irregul 
dots per s 


e rive 


atio! 
avor of expansion-inform? g ; 
The one background was 3.25.0 
ar small dot pattern having ПЕ 
luare inch as used in EXP- 
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This pattern provided a large number of 
elements covering the total area of the 
е but at the same time the dots would 
be far enough apart to be quite distinct. 
us basic pattern was modified by the 
addition of 12 larger circular discs (identical 
to the target in Exp. IX) which were 
Scattered irregularly across the glass sheet. 
pre would presumably help to define the 
Du pattern and would provide fur- 
Should es transformations. Conditions 
E e therefore be appropriate for a Gib- 
-type judgment as well as for other 
Possible types of judgment. 
see hou the pattern covered the whole 
п, it would be dispersed enough to 
menade favorable conditions for a judg- 
eleme of the Calvert type. The larger 
„ents would provide extra * noticeable 
"ütures" and potential fixation points and 
‘ere would be multiple streamers and 
Tus parafoveal stimulation. In case s 
fixati to make use of this availability o 
the -— points as a result of past experience, 
which periment included a second stage in 
ed va particular large element was speci- 
СС as the target and fixation instructions 
Slven. E 
s display provided for the possibility 
Or: is seeks an element that is not moving 
Was | Moving only very slowly. When X 
Ocated 5 cm. to the right of the center 
only Screen one of the large elements was 
and 6 em. from it at the start of the trial 
Ment cm. from it at the end. If the move- 
nt judgment depends upon relative lack 
e еп vement, there were two other large 
D S nearby that moved in different 
а tions away from X, one moving from 
rie 9 cm. from X to one 29 cm. 
tion ^y and the other moving from a posi- 
-7 cm. from X to one 31 cm. from it. 
Пе possible use is very similar to 
cere but does not have the restric- 
“pS of fixation and parafoveal stimulation. 
15 is that O “notes the direction of motion 
засо Јескв оп the ground and interpolates 
tion, to X (Palmer, personal communica- 
Dos: July 1970). While the off-center 
of sition provides for this the other location 
fas Е the central position, might be more 
rable. For this position, X lies toward 


гэр сд 
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the center of a triangle formed by the three 
large elements mentioned above. These 
elements were all within 8 cm. of X at the 
start of the trial, the closest being 5 cm. 
away from it. One moved straight up the 
screen, the second moved to S's right and 
up at an angle of 73°, and the third moved 
to his left and down at an angle of 57°. 

The instructions were designed to allow 
S the greatest freedom in method of judg- 
ment. To aid in this, the experiment was 
divided into two stages. For Stage 1, the 
instructions suggested that S might have 
a subjective impression that he was “head- 
ing" toward a particular point on the 
screen but might not have any idea why 
he had that impression. He was instructed 
to indicate that point. He was also in- 
structed that if he should fail to gain this 
immediate awareness of where he was 
going, he was to try to work it out. To 
help in this, he was given instruction in 
the physical properties of the expansion 
pattern, using the diagrams from Exp. IV. 
For Stage 2, he was instructed to make the 
judgment while watching a particular 
large element, thus satisfying Calvert's 
requirements. 

The comparison of the drift cancellation 
errors with the errors obtained in this ex- 
periment was biased in favor of the ex- 
pansion-information theories because: (a) 
the criterion score from Exp. X was based 
on one background, designed to be very 
favorable to such judgments, while that 
from Exp. IX was based on overall per- 
formance on four backgrounds, some quite 
unfavorable to drift detection; (b) the 
locations of X, central and 5 cm. off center, 
would be most favorable, as errors in 
central locations have been shown to be 
at a minimum (at least partly because of 
artifactual factors); (c) the same Ss were 
used with a delay of several months, so . 
that short-lived effects such as fatigue 
would not carry over but sophistication 
should do so; (d) the length of the experi- 
mental session, under half an hour, should 
produce less boredom and fatigue than the 
sessions used in Exp. IX (about 14 hr); 
and (e) limitations in the method of control 
of the light and setting of the stimulus 
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display would mean that errors obtained 
in Exp. IX would not be at their minimum 
value. 


Method 


The 12 Ss from Exp. IX were given the instruc- 
tions for Stage 1 and then presented with a random 
Sequence of five trials on each location of X. The 5 
indicated the judged position at the end of each 
trial. When Stage 1 was complete, the Stage 2 
instructions were given, followed by five trials in 
which X was always at the center of the screen. 
The target specified in Stage 2 moved from a posi- 
tion 5 cm. from X to one 16.5 cm. from it, moving 


down and to the left at an angle of 57° to the 
horizontal, 


Results and Discussion 


The discrepancies between 
judged locations of X were measured in 
millimeters. The S and group means for 
the two locations used in Stage 1, for 
Stage 2, and for Exp. IX over all condi- 
tions are Presented in Table 9, The ac- 
Curate results of the first S for the central 
position in Stage 1 Probably reflect an 
unusually consistent response to the center 
of the Screen, as his response to the off- 
center position had a mean error of 41.8 


mm. while their mean distance from the 
center was only 17.5 mm. 


actual and 


TABLE 9 
Comparison or SuBJECT M 


E EAN Errors (Ix Ми 
LIMETERS) кок E; PERIMENTS [X i X m 


Experiment and cond, 
$ Exp. X Е 
Stage 1, Stage 1, | ee 
center | oibus center’ | onera 
1 6.0 41.8 74 
2 1244 249.8 46.6 E 
3 16.0 23.4 17.0 93 
4 69.8 37.2 71.2 91 
Б 98.2 94.2 86.6 71 
6 | 2186 284.6 303.8 88 
dU tise 1112 63.0 140 
8 121.0 119.4 153.4 12.3 
$ 50.0 66.6 36.8 18.0 
19 48.0 49.6 00.4 | 9.0 
15 59.2 36.4 482 | ил 
€ 10, 23.4 57.6 | 13 0 
А i n 94.8 81.0 10.9 
аға: = 
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Despite all efforts to bias the resulta i 
favor of expansion-information judgment 
the errors were far in excess of those made 
in the cancellation of drift and the шеи 
(of 3-4 in.) were consistent with the e 
errors made for such positions in the earlier 
experiments. 


GENERAL DISCUSSION 


One limitation of all the studies involving 
use of the expansion pattern was pre 
always passively judged the position, к, па 
the “point being directly approached ] aol 
Was never required to engage in active вой, 
of his "approach" to the display. It саа 
seem likely that 5 could do this active (а "t 
When he could not locate X, and the pos 
display used would not allow one to puc 
guish between adjustments based on the Е ich 
mation from the expansion and those in W : a 
5 consciously or unconsciously made use 0 2) 
target. Evidence from a display of a dif 
type (a night-driving simulator currently e 
used at the University of New South nd 
suggests that adjustments based on the m- 
Pattern are of limited accuracy. The Ss e of 
monly take up a path parallel to the "ge "n 
the simulated taillights they are Suppe ws 
track, despite the presence of texture aes 
(up to a simulated 60 mph) which should X 
veal that the taillights do not line up with uU 

The results of the driving simulator. fit T 
drift-cancellation hypothesis as the position ' 
the taillights was stabilized and drift canceled 
In this case in which the target is itself е 
moting and is not a part of the flowing surian 
the cancellation of the drift merely ensures t or 
the two paths of locomotion do not converge. it 
diverge. To adjust the pursuit path so the to 
tracks directly behind the target, O has le, 
make use of other information, for ed 
the angular orientation of the target, and t 
information is lacking in the simulator- 

The expansion pattern is probably the E 
(at least Partly) of one's impression of $ 
movement during locomotion, but the 
ticular displays and situations used gav ‘hing: 
Impression that the pattern was арргоас tern 
This illusory forward movement of the pes si 
Proved a problem in the early experiments The 
Sometimes caused difficulty in focusing. , 
unpleasant visual effects did not occur W o 
Was allowed unrestricted binocular vision 88 
the screen, but his perceptual experience пасе 
still generally that of an integrated SU? the 
moving toward him. The presence 9 


basis 


hen 5 
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edges of the screen in his field of view and the 
use of binocular information were evidently 
Sufficient to cause the effect to join the para- 
doxical ranks of television and movie displays, 
in which movement can be seen to be towards 
the viewer but at the same time limited to the 
surface of the screen (cf. Gregory, 1970). The 
determination of the conditions necessary to 
Convert the impression of movement of the 
pattern into that of one's own forward move- 
ment remains one of the interesting problems 
in this field. 

The illusory movement appears to be re- 
lated to the role of the expansion pattern in 
Maintaining size constancy in objects whose 
distance from О is changing. The expansion 
Pattern can, under sufficiently reduced condi- 
tions, be made to yield an experience of what 
Appears to be almost perfect size constancy (no 
Apparent increase in element size or dispersion) 
at the expense of what might be called “dis- 
tance constancy.” This is the reverse of the 
Usual effect in the traditional size constancy 
*Xperiments which make use of static displays 
and appear to produce distance constancy at 
the expense of size constancy. В 

ther potential roles of the expansion pat- 
tern include the specification of the three- 
!mensional modeling of the approached sur- 
асе (e.g., concave, convex, and bumpy) and 
the Production of the integrated, unified sur- 
ce that is experienced when it might be more 
reasonable to expect the impression of a swarm 
of dots, The evidence that the expansion 


pattern is not responsible for the guidance of 
locomotion should, therefore, not be taken as 
evidence that it is not of importance in 
perception. 
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NSE LATENCIES 
ICIT SPEECH INFERRED FROM RESPON 
E IN SAME-DIFFERENT DECISIONS ! 


STUART T. KLAPP? 
California State College at Hayward 


When Ss read num 


vocalization. The interpretation w: 
and more rapid than overt speech 
language symbols. 


"Theories of language comprehension 
Which involve proprioceptive feedback from 
articulatory responses may be rejected since 
comprehension seems to be unaffected by 
total paralysis of the arti 
(Smith, Brown, Toman, 
and since reading w 


‘ate than overt word 


such considerations 
do not rule out a theory in Which internal 


than motor repre- 
volved in language 
heory has had the 
hat few clear pre- 
erated by it. How- 
and Montague 
gested that reaction time 
5 comprehension of written 
material should increase as а function of the 
time that woul 

articulate the sti 


series of experiments in wh 
to read single words or tw 


number until the beg 
of overt vocalization w 
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bers or words aloud, the latency from stimulus onset to the 
initial vocalization depends upon the number 


The present experiments showed that response 1 
for same-different decisions, thereby 
Operates during stimulus recognition r; 


of syllables to be pronounced. 
atency also depends on syllables 


Suggesting that the effect of syllables 
ather than during preparation for overt 
as that a central process, preparatory for 
‚ is involved in comprehension of written 


as the number of syllables to be Jon 
nounced increased, leading Eriksen et a ord 
conclude that Ss “implicitly speak "T 
before overtly pronouncing the word. arily 

These data, however, do not ene n. 
suggest that implicit speech is needec In: 
comprehension of the word or minnen im- 
stead, the results might indicate Чино ге 
plicit speech process is required бшу o 
up the vocal apparatus for producto 
Overt speech, while comprehension f the 
occurs with a latency independent o then 
number of syllables, If this is the ee! the 
the increase in response latency heh 
number of syllables should be obse anc 
only if S must pronounce the stimulus ith 
not if S were to indicate recognition W ‘On 
out pronouncing the stimulus itself. in- 
the other hand, if implicit speech imis 
volved in the comprehension of the А ps 
lus, then the res if 
pend on the nu ў 

'S task does not require pronouncing 
stimulus. An ex qe 
be deciding Whether two stimuli ied 
Same or different. Experiment | W a als 
attempt to replicate the Eriksen zit the 
(1970) findings and then to йы p 
increase in latency with syllables wot 
found for a same-different decision 
аѕ well as an overt naming task. 


Experiment I 


Two-digit numbers requiring pup 1 
or four syllables to pronounce ке 58 
Sented to two independent groups d (C 
Who were to read the numbers alou 


INFERRING IMPLICIT SPEECH FROM RESPONSE TIME 


condition) or to determine whether two, 
two-digit numbers were the same or dif- 
ferent (S/D condition). Experimental trials 
in which a response was required immedi- 
ately upon stimulus presentation (IMM 
trials) were compared to control trials in 
Which the stimulus was viewed for 2 sec. 
Prior to a signal to respond (SIG trials). 
This control was used to assure that any 
effect of syllables upon response latency 
could be attributed to the processing of the 
Stimulus rather than to artifacts of the way 
Particular sound patterns activated the 
timing apparatus. The SIG control condi- 
tion was used by Eriksen et al. (1970) for 
Word stimuli but not for number stimuli, 
Which were the only stimuli in which 
Syllable length and length of visual stimu- 
US were not confounded. Therefore, on 
technical grounds, a replication using this 
Control with the number stimuli seemed 
desirable, Thus Exp. I had a 3X 2X2 
actorial design, with 3 within-S conditions 
of syllable length, IMM and SIG conditions 
also varied within Ss, and the R and S/D 
tasks, which were given to independent 
Sroups of Ss. Four daily sessions of 108 
trials each were given in order to observe 
апу interaction of the syllable effect with 
Session-by-session practice. 


Method 


st Subjects, —The Ss for all three experiments were 
w'dents in introductory psychology at California 
pue College, Hayward, who participated in order to 
ШАП а course requirement. They were told that 
a © purpose of the experiment was to “study re- 
кеб time in reading for normal adults" and were 
Permitted to examine the apparatus in order to al- 
ponte any anxiety. Alternate Ss were assigned to 
И Капа S/D conditions of Exp. l in the order in 
lich they reported for the experiment. —— 
В Materials.—The stimuli were black two-digit num- 
Tals subtending a visual angle of 1.6° high X 24 
4199, The two-syllable numbers were 14, 15, 20, 30, 
» 50, 60, 80, and 90; the three-syllable numbers were 
«1 28, 39, 44, 52, 61, 70, 83, and 95; and the four- 
lable numbers were 27, 37, 47, 57, 67, 76, 78, 87, 
al d 97. These are the numbers used by Eriksen et 
вау (1970). апа they appear to be а representative 
8 "ple of the 13 possible two-syllable, 59 three- 
аы, and 15 four-syllable numbers. For the 
à condition, the second two-digit number was 
;proximately 7.4? to the right and 2.6? below the 
5 5t number. For each S in the S/D condition, a 
andomly selected half of the trials involved the same 
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numbers, while the remaining trials had different 
numbers of the same syllable length. 

Apparatus —The S was seated in a dimly illu- 
minated Industrial Acoustics sound isolation cham- 
ber, approximately 68 cm. from a rear projection 
screen on which the stimulus numbers were projected 
with a Kodak Carousel projector. This projector, 
together with the experimental equipment and E, 
was located in a second isolation chamber. The S's 
latency was measured by a Hunter (Model 120) 
Klockounter, stopped by the sound of S’s voice as 
picked up by an Electro-Voice (676) microphone, 
amplified, and then fed into a Gerbrands voice relay. 
Although S was encouraged to speak at a normal 
level, the sensitivity of this equipment was sufficient 
to stop the timer with a slight whisper. For IMM 
trials this timer was started by a photoelectric cell 
activated by light reflected from the screen when the 
shutter in front of the projector was opened. For 
SIG trials, the timer was started by a relay which 
simultaneously activated a neon signal light in .S's 
room. The events making up each trial were se- 
quenced and timed automatically by a motor-driven 
switch with a cycle between successive stimulus pre- 
sentations lasting 6 sec. 

Procedure-—Each of the 24 Ss received four daily 
sessions consisting of four blocks of 27 trials, of 
which 9 trials involved two-syllable numbers, 9 
three syllables, and 9 four syllables. The order 
in which these numbers were presented was random- 
ized for at least every two Ss, producing a random 
pattern of two-, three-, and four-syllable numbers in 
each block of trials. For half of the Ss, each daily 
session contained a block of 27 IMM trials, followed 
by two blocks of 27 SIG trials and then one block of 
27 IMM trials. For the remaining Ss, the blocks 
were given in the complementary order. All Ss re- 
ceived 3 practice trials prior to the first block of 
IMM trials and the first block of SIG trials. 

The Ss in the R condition were instructed to 
"read the number aloud (e.g. 13 is read as 'thir- 
teen’) as quickly as possible” for IMM tirals. For 
the SIG trials the instructions were to “look at the 
number when it appears on the screen but remain 
silent until the signal light comes on 2 sec. later’ 
and then to "say the numbers as quickly as poss- 
ible.” For Ss in the S/D condition, similar instruc- 
tions were used except that S was to say "yes" if 
the two numbers were the same and “no” if they 
were different. The responses of "yes" and “no 
were chosen so that either response would be a mono- 
syllable. The Ss were informed that reaction time 
was the variable under study in the experiment, 

In the event that an erroneous response was made 
or stray noise (coughing, chair movements, etc.) 
activated the equipment, the trials were repeated at 
end of the daily session. No feedback concerning 
either latencies or errors was provided. 


Results and Discussion 


The overall rate of incorrect responses 
was .68%, with 1.28% in the S/D-IMM 


| 
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TABLE 1 
RESPONSE LATENCIES FOR EXPERIMENT | 


Syllables to pronounce 


Cond. - — 
2 3 | 4 X 
R-IMM 503 522 536 520 
R-SIG 391 398 391 393 
S/D-IMM 645 662 678 662 
S/D-SIG 341 337 340 339 
Note.—Latencies are given in milliseconds. 
condition; .68% in R-I MM; .549 in 


R-SIG ; and 22% in S/D-SIG. The total 
rate of unusable trials, including those on 
Which stray noise activated the apparatus 
às well as incorrect responses, was 1.57%. 
All of these trials were repeated and the 
data included in the analyses. 

Since there was no Consistent interaction 
of sessions of practice by the effect of 
syllables, the data were collapsed across 
the four daily sessions for the analyses to 


lorter latencies com- 
onditions, F (1,522) 
‚ à finding consistent with 
the premise that analysis of the stimulus 
would occur prior to the response signal 
in the SIG trials. This is the premise on 
Which the use of this condition as à control 


is based. The main effect of the R. versus 
S/D conditions On response late 


‚Со ncy was 
nonsignificant, F (22) = 24, p> 05; 

prose there was a significant interaction, 
A 22) = 43, >< .001 


) = » such that the 
condition had longer latency than the 


R condition for IMM trials With the reverse 
relationship for the SIG trials, This aspect 
of the data is not directly relevant to the 
Present purposes. 

The main effect of the number of sy]. 
lables on response latency was Significant 
F (2, 44) = 23, p < 001, with an inter, 
action, F (2, 44) = 31, < :001, such that 
the effect 


of syllables was more pronounceq 
for IMM trials than 
trials. 


This main effect and 
represent th 


cami Way interaction, Р (2, 44) 
E 1, indicates that the critical two-way 
interaction of Syllable effect b 


y IMM Versus 


STUART T. KLAPP 


3 
SIG does not differ significantly for the $ 
condition as compared to the S/ D к. 
dition. The nonsignificant two-way S/D 
action of syllables by R b pend tent 
F (2,44) = 1.07, р > .10, also is d 
with the conclusion that the syllable “сур 
does not depend upon the R versus Ж 
task difference. These findings can be al 
simply described and interpreted pr 
amining the R and S/D conditions 5 es 
rately. Although statistical tests hit. 
ported for these conditions separa ob- 
such analysis was done ш то НЕ 
taining a significant overall F for with 
syllable effect and its interaction 
IMM versus SIG control. "NET 
First consider the R condition, in wh Br 
the IMM trials represent a pc mde 
Exp. III of Eriksen et al. (1970). The o ia 
all effect of syllables on latency in 22) 
R-IMM condition was significant, F (2, p 
= 20, p « .001, and the slope of e is 
&ression line fitted to these data was вес. 
msec. рег syllable, compared to 11 MII. 
reported by Eriksen et al. (1970), Exp. ers 
The larger estimate in the present oes? 
ment might be due to the lack of feedba nt 
on latency performance with a a carn 
reduction in motivation to keep own 
down. The present experiment, unlike ro] 
reference experiment, used the vw 
SIG trials with the number ЯШ с 
expected, there was по apparent € the 
of syllables in the SIG trials, and the 
interaction of IMM versus SIG with 22) 
Syllable effect was significant, F (2, ent 
= 147, » < .001. These findings repres о 
а replication and further сайтта , 
the effect reported by Eriksen et al. (1 ine 
Of particular interest in the present. o 
vestigation was the effect of the диш о, 
Syllables оп latency in the S/D cwn o 
For the S/D-IMM trials, the effec dig 
syllables on response latency was 


ad 
nificant, F (2, 22-221, p< perg" 
the slope of the regression line mun 
these d ч 


ata was 17.0 msec. per syll р 
approximates the 16.5 msec here 
Syllable in the R-IMM condition. а the 
was no apparent effect of syllables ath 

control SIG trials, and the interaction ct 
IMM versus SIG with the syllable € ^t. 
Was significant, Р (2, 22) = 16.7, pp <: 


er 
which 
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The finding that response latency increases 
With the number of syllables even for the 
S/D condition in which no overt number- 
Pronouncing response was required is the 
Critical finding for the present investgia- 
tion. According to the argument presented 
earlier, this suggests that an implicit speech 
Process is involved in the comprehension 
of the numbers. 

The same and different response latencies 
of the S/D-IMM trials are considered 
Separately in Table 2. Latencies for same 
Tésponses were significantly faster than 
latencies for different responses, F (1, 11) 
= 16, p < .01, which is in agreement with 
the findings frequently reported (e.g: 
Krueger, 1970; Nickerson, 1965, 1968). 
‘He interaction of the syllable effect by 
the type of response was complex and sig- 
nificant, F (2, 22) = 20, p < .001. In view 
9f the importance assigned to the effect of 
Number of syllables in the S/D condition, 
the nonmonotonic nature of the functions 
Or latencies when same and different re- 
Sponses are considered separately is dis- 
lurbing, Therefore, a replication was at- 
tempted in Exp. II. 


EXPERIMENT ll 


tion replication of the S/D-IMM condi- 
to „Was attempted with a manual response 
Nh indicate same or different decisions 
"ather than the vocal “уез” or "no" re- 
Sbonses used in Exp. I. This change in re- 
onse modality was made to determine if 
Ar basic finding suggesting implicit speech 
ae er comprehension could be gen- 
ee ized to a task in which S was not 

luired to make any overt vocal response 
Whatsoever. j 


Method 


The details of the procedure were the same as for 
E si corresponding condition of Exp- I, except that 
he ndicated their response by use of a switch held in 
mg Preferred hand. For half of the Ss, a leftward 
and eee of the response switch indicated same, 
Wh bu! the remaining half of the Ss the position of 
ime h was reversed. This switch stopped the 
he = used to determine response latency, replacing 
Spon Oice relay used in Exp. I. Sincea manual ге- 
resp “с unlike the verbal response, requires that new 
базе habits be formed, each 5 was given one 
Tecei of 27 unscored trials. Then each of the 12 Ss 
eived four blocks of 27 trials, of which 9 involved 


th 
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TABLE 2 


LATENCIES FOR S/D-IMM, EXPERIMENT l, BROKEN 
Down Bv ТҮРЕ or RESPONSE 


Syllables to pronounce 


Response 

2 E E х 
Ѕате 626 670 652 649 
Different | 665 655 705 675 
X | 645 662 678 


Note.—Latencies are given in milliseconds. 


numbers of each syllable length. Randomization 


was carried out as in Exp. I. 


Results and discussion 


The rate of errors was 1.70%, which was 
somewhat higher than the 1.28% incorrect 
responses in Exp. 1, S/D-IMM condition. 
The additional errors in Exp. П may be 
attributed to incorrect motor responses 
which may occur even though S could have 
made a correct vocal response. The overall 
mean latency in Exp. II was 667 msec., 
only slightly longer than the mean latency 
of 659 msec. for the S/D-IMM condition 
of Exp. I. The data of Exp. II are presented 
in Table 3, which may be compared to the 
corresponding data of Exp. I. in Table 2. 

In agreement with the corresponding 
S/D-IMM condition of Exp. I, the latency, 
averaged across same and different re- 
sponses, increased with syllables, F (2, 22) 
= 13, p < .001, with a regression of 20.2 
msec. per syllable which approximated the 
17.0 msec. per syllable for the correspond- 
ing condition of Exp. ]. Thus, the finding 
that response latency increases with the 
number of syllables which would have been 
needed to pronounce the number has been 
replicated for the condition in which S 
indicated his same or different decision 
manually rather than vocally. Also in 


TABLE 3 


RESPONSE LATENCIES FOR EXPERIMENT II 


Syllables to pronounce 


Response " 
2 3 4 | Xx 
Same | 600 | 648 663 | 637 
Different 699 675 717 697 
X 650 | 663 690 


Note.—Latencies are given in milliseconds. 
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agreement with Exp. I was the faster 
latency for same as opposed to different re- 
sponses, F (1, 11) — 52.5, p< -001, and 
the significant interaction of the syllable 
effect by same versus different responses, 
F (2, 22 = 13.4, p < .001. Once again the 


details of the interaction were complex, 
so that still another replication seemed 
desirable. 
EXPERIMENT III 
The 


above two experiments, as well as 
Exp. ШЇ reported by Eriksen et al. (1970), 
used two-digit numbers requiring two, 
three, or four Syllables to 
lortunately, other properti 


numbers contai 
While all of the four-syll 
tained the digit 7. It is 
confounded 
rather than syllables, m 
the increase Although Eriksen 
et al. (1970) also repo 

or words, their word sti i 

founded 


ned the digit 0, 
able numbers соп. 


à replication of the 
using words rather th 
seemed desirable, 


he response required of 
slightly t 


| О assure that the previous results 
Were not some artifact of S's strat 
1 
| 


e same block tri 
МО, Was to respond by 


à switch only if the two 


Й Tesponses 


be made only when the 


Were different, 


Method 


Materials —The 28 words 


and two vowels and were с 


of four Words, with two wi 
two 


words of two syllable 


all had three consonants 
hosen to form 
ords of one sy 
S in each set. 


Seven sets 
llable and 
All four 


STUART T. KLAPP 


sonsonant 
words of each set started with the same ur. 
and had the same frranpacyor cacumen" od 
fication in the Thorndike-Lorge count, or diferent 
pair combinations to be judged ae sets of fol 
were generated from these dicis аА having 
words such that all possible pairings o ue Fores 
the same number of y ables were s m cours 
ample, the set of words consisting О xn п ШЫЙ 
cover, and color yielded the following eig VE cou 
ations: clear-clear, court-court, clear cour ed 
clear, color-color, cover-cover, calore ma 
color. The other six sets of words used $ СЕ. field, 
ner were: false, frame, fancy, Даш: foce learn} 
favor, fifty; heard, horse, happy, konar pa taste! 
labor, lower; paint, pound, Paper, powe : d etin 
teach, table, taken. This method produc горя 
lus word pairs with the same initial ен ü 
that .S could not base his response on a compa 
initial letters, 


ital 
d in capita 
The 56 word pairs were photograph m 


air was 

black letters such that the first word of cach P the 
in the upper left and the second word NS the let- 
lower right. As projected for viewing by t between 
ters were 1.19 high, with a horizontal offse vertica. 
the first letters of the two words of 4.5? and a 
offset of 6.39, А A. estis Hl 

A pparatus.—The 5 responded with a sing 
button held in his preferred hand. EXP uh 
change, the apparatus was the same as tha 
Exp. II. В 

Procedure.—Each of the 12 Ss was EG wort 
blocks of 56 trials, each of which used all struct 
Pairs. For one entire block of trials, S was ins 


ere 
vo words Wer’ 
to press the response button when the two Wi words 
the same and to 


were different. For 


ish- 
this 
din 


n two 


ade when the words were differ- 
Ss were to make either same ne in 
during the first block. The аре 
combinations of words were tions 
Was randomized for every two Ss. yea while 
Ў were to “respond as quickly as you Ce соп 
avoiding errors,” and Ss were informed that : ишеп 
time was the variable of interest in the am the 
Errors of response comission were recorded, sidere 
latencies of these responses were not E ck 
No errors of omission were anticipated 51! 
stimuli remained in S's view for 3 sec. 


Results 


е5, 

The Ss made 31 false positive respo ries 
which represents 4.6% of the poe р 
for making such errors. This is consi Шур, 

higher than the rate of errors in “culty 

and II and Probably reflects the di Г 


апу 
А: ап we 
of inhibiting responses rather tha 


; inhibit on averag 
difficulty 1n recognizing words. The а 


sch d$ 
s, which 
response latency was 695 msec., he 
somew 


ies О 
hat longer than the ge ee P 
first two experiments. These data а 


INFERRING IMPLICIT SPEECH FROM RESPONSE TIME 


sented in Table 4, which may be compared 
to the corresponding data of Exp. I and 11 
in Tables 2 and 3. 

Consistent with the previous experi- 
ments, stimuli requiring two syllables 
rather than one to pronounce led to longer 
latencies of same-different decisions, F 
(1, 11) = 10.82, p < .01. The difference 
tween mean latencies for two- and one- 
Syllable words was 23 msec., which closely 
"pproximated the 20.1 msec. per syllable 
pet in Exp. II. Also, in complete agree- 

nt with the previous results were the 
d latencies for different compared to 
Aime responses, F (1, 11) = 10.16, < .01. 
m interaction of same versus different 
ae? with the syllable effect was sig- 
Bick uh F (1,11) = 9.55, p < .05, and was 
бе ш the syllable effect was obtained 
res ifferent responses, but not for same 
E omes. Although the details of this 
re l'action did not agree with the cor- 
an ae interaction in Exp. I and П, 
ex fect of syllables was found in all three 

Periments, 


GENERAL DISCUSSION 


yi Consistent and significant main effect of 
Was aes on same-different judgment latency 
парос уе regardless of whether words or 
details s were the stimuli and regardless of the 
fs S of the nature of the response required 
onas magnitude of the increase in latency, 
Shorte imately 20 msec. per syllable, is much 
Whice P. than the time required for overt speech, 
in g 18 approximately 100 msec. per syllable 
e data reported by Landauer (1962). 

d, the rate of processing is quite fast 
h to permit silent reading at normal rates. 
(1958) reported that adults can read at 
words per minute after brief training 
an reading. Assuming an average of two 
Осек рег word, this rate of reading implies a 
E ang time of 50 msec. per syllable. Ap- 
fac, 10У the rate of silent reading is limited by 
Вет, "d Other than the rate of processing ob- 
Pup. der the conditions of the present axe 
9 readi ts. On the other hand, far faster rates 
5 еса 8 аге sometimes reported under highly 
"tes zed conditions of instruction. Such 
Process ent be achieved at the expense of full 
q Sing of each individual word in the text. 

i У Ben results can be taken to suggest that an 
It representation of speech is involved in 


s 
Syll 
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TABLE 4 


Response LATENCIES FOR EXPERIMENT 111 


Syllables to pronounce 


Response 
1 2 кы 
5аше 662 662 662 
Different 705 751 728 
X 684 707 


Note.—Latencies are given in milliseconds. 


comprehension of printed words and numbers. 
Since the rate at which this implicit speech oc- 
curs is much faster than overt articulatory 
movements, a peripheralist interpretation does 
not appear plausible. Rather, the results sug- 
gest that a central "preprogramming" for 
speech processes may be involved in compre- 
hension. Of course, it is almost certainly the 
case that some tasks involving printed numbers 
or letters can be accomplished without implicit 
speech, e.g., locating the numeral 8 in a page 
full of 7's would not necessitate this degree of 
processing of each individual 7. And clearly 
implicit speech can hardly underly recognition 
of nonspeech stimuli, for which other forms of 
implicit responses may be involved (Norton & 
Stark, 1971). But for tasks involving compre- 
hension of written language symbols, the data 
seem to suggest that high-speed implicit speech 


is involved. 
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Se ARE ASAT EOE 1 j 
MIRROR-IMAGE CONFUSABILITY IN ADULTS 


PETER WOLFF ? 


University of Wisconsin 


Several studies have indicated that children have eager ga 
mirror-image stimuli. In the present study adults were require à decem 
pairs of horseshoe stimuli as same or different. Response Limes w — E 
for stimulus pairs that varied in orientation. (left-right Ys d a ER 
spatial plane of the pair (horizontal vs. vertical). Stimulus Га ET and 
the orientation matched the spatial plane of the pair (i.e., hodson OS 
left-right or vertical and up-down) took longer to classify йш im Hee 
pairs in which these two variables were crossed. These results Hen в 
as reflecting the necessity of synthesizing two sources of ope el d 
to compare the former pair types—temporally encoded visual in К Wen 
and directional information from the motor scanning process. Implica 


for the source of childre 
are discussed. 


The discrimination of mirror-image 
stimuli is known to be uniquely difficult for 
children (Huttenlocher, 1967a, 1967b; 
Rudel & Teuber, 1963; Sekuler & Rosen- 
blith, 1964), as well as many species of 
lower animals (Mackintosh & Sutherland, 
1963; Riopelle, Itoigawa, Rahm, & Draper, 
1964; Sutherland, 1957). Using three-sided 
horseshoe-shaped stimuli in a horizontal 
plane, Rudel and Teuber found that child- 
ren confused left-right oriented horse- 
shoes (i.e., C 2) but not up-down oriented 
ones (i.e, N U). While these findings led 
investigators to believe that the phenome- 
non of mirror-image confusability Was spe- 
cific to left-right oriented 


! This research was со! 
was at the Wisconsin Research 
Center for Cognitive Learning, which is s 
by grants from the United States 
tion, Department of Health, E, 
fare under the provisions of 


Search. Program (Center No. C-03 
5-10-154), 


nducted whil 


» Contract OE 


ч Requests for reprints should be sen 
por a Isconsin Research ang Deve 
or Cognitive Learnin, » 1404 Regent Stre t, Mad; 
son, Wisconsin 53706. s С 


n's difficulty with mirror-image stimuli of this type 


a 
: were ! 
shown. However, when oum У И. 

і 1 he rev 
the vertical plane (i.e., W or 2) tl 


was true—confusability was greater eM 
down than left-right ипе in & 
(Huttenlocher, 1967a, 1967b; Sek 
Rosenblith, 1964). that the 
Huttenlocher (1967a) suggested =i con- 
important factor in шы биш tie 
fusability is the orientation of the A > 1 
pair in relation to its axis of шаш r 
her study, nursery school children tat 
quired to match the orientation of à e was 
dard horseshoe. Each child's horseshoe ch 
to be placed either beside or belo" айё 


А та 
standard. She found that chy are 7 
errors in their placement only when r 
of 


u 
a correctly placed test horseshoe hang? 
the axis separating the pair would , Ш 
its orientation relative to the standar 
other words, errors were made on = o 
of configuration, CiX but not pcm test 
Where "X" denotes the position of esent 
horseshoe and the dotted line repr tte” 
the axis of Separation of the pair. 
ocher called the former pair type lign 
image,” and the latter pair-type а SW 
Her data also indicate that more err ME 


S orien", 
made on left-right than up-down О? fj, 


mist? и 
ед. 
тег 


в н з А stil 
stimuli and among senor | Jan 
More errors on pairs in the horizonté 

than in the vertical plane. ой“ 


c 
^ s ; image" 4 
While the existence of mirror-imag n 


ciae d :mals i$ 
fusability in children and animal 


MIRROR-IMAGE CONFUSABILITY IN ADULTS 


(uestioned, there is little agreement about 
à suitable explanation for the phenomenon. 
Caldwell and Hall (1969, 1970), have re- 
cently claimed that the child's difficulty 
With mirror-image stimulus pairs in a 
Matching-to-sample task results from the 
ч 5, inadequate definition of the con- 
a 5 same" and "different" as applied to 
"ror images. Since prereading children 
Be always regarded mirror images of an 
AN as the same object, this habit is car- 
dm ENSE to the judgment of mirror-image 
ais Г pairs. These authors demonstrated 
Snificant improvement in discrimination 
леве pairs after a training task which 
i Y felt defined mirror-image stimuli as 
ta Gibson, Gibson, Pick, and Osser 
62) offer a similar explanation for the 
ү сеу of children in their study to con- 
C nirror-image letter-like pairs. 
һап Palis and Beale (1970), on the other 
confusi have . proposed that mirror-image 
=, лоп arises from the bilaterally sym- 
Bx organization of the organisms 
рег is system. They demonstrate that a 
Would P bilaterally symmetrical system 
tight be unable to distinguish left from 
rne hypothesize that left-right con- 
tinded disappears in the child when 
habits Ness or consistent left-right scanning 
asymm made possible by the developing 
lished, etry of the brain, become estab- 
pi Caldwell and Hall's (1969) expla- 
iolate пав the advantage of simplicity, it 
Onfy Б the fact that adults are known to 
ample «mirror-image stimuli, as, for ex- 
direct, in writing d for b or d for g, and 
Signal 9n, as in the case of a driver who 
There & left turn and then turns right. 
videnco” however, almost no empirical 
Mirror € concerning the discrimination of 
."r-1mage stimuli for adults. 

difci present study examined the relative 
ШЧ of mirrorimage and aligned- 
as e бее pairs, using adult Ss but following 
ang SCY as possible the stimulus material 


te 


(19g, Procedures used by Huttenlocher 
mu 3) with children. Time to respond 
TM e 4 


tts ex ‘ 
ШП or "different" to a pair of horseshoe 
Since ! was used as a measure of difficulty 

Performance by adults in Hutten- 
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locher’s task would presumably be error 
free. Applying Huttenlocher's terminology, 
a mirror-image pair is one for which the 
rotation of one of the horseshoes around the 
axis of separation of the pair changes the 
identity status of the pair from either same 
to different (i.e., C C) or different to same 
(е. C D). An aligned pair is one for 
which this rotation does not change the 
identity status of the pair (i.e, U U or 
UN). 

If, as Caldwell and Hall (1969) propose, 
children’s mirror-image confusions simply 
reflect a definitional problem arising from 
the tendency of the child to call different 
orientations of a figure the same figure, then 
adults who thoroughly understand the re- 
quirements of the task should compare 
mirror-image stimulus pairs as quickly as 
aligned pairs. 

]f the bilateral symmetry explanation of 
Corballis and Beale (1970) is a sufficient 
explanation of the phenomenon, any super- 
iority of aligned over mirror-image pairs 
should be restricted to pairs located in the 
horizontal plane, since the human organism 
does not possess symmetry around the 
horizontal median plane. 


METHOD 


Subjecis.—Twenty-four undergraduates with nor- 
mal or corrected-to-normal vision served individually 
as Ss. 

Materials and appartaus.—Stimuli were 16 pairs 
of horseshoe-shaped figures. ‘The horizontal set 
consisted of the following pairs: 


GG, 33, VU TY CLA 
эс, NU, and UN. 


Pairs 1, 2, 5, and 6 are mirror-image pairs. The 
remaining pairs are aligned. The vertical set con- 
sisted of 90° rotations of each of these pairs. The 
horseshoe pairs were drawn with black India ink 
and the final stimuli were duplicated from these 
drawings by photo offset onto heavy white stock. 
The sides of the horseshoes were 3.2 cm. long 
(subtending 4.2? of visual angle) and 1.2 mm. 
wide (.30? of visual angle). The two horseshoes 
making up a stimulus pair were separated by 1.3 cm. 
(1.7? of visual angle). 

Stimuli were presented in a Polymetric two- 
channel tachistoscope (Model V-0959) with a blank 
fixation field. The tachistoscope was wired with a 
Hunter Klockcounter and a response panel contain- 
ing two buttons, one for a "same" response and the 
other for a "different" response. Exposure of a 
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stimulus started the clock, and depression of one 
of the response buttons stopped the clock and turned 
off the stimulus. 

Procedure.—Before responding in the reaction 
time (RT) task, S was shown each of the stimulus 
pairs and required to say whether their orientation 
was the same or different. He was told that when a 
stimulus pair appeared in the tachistoscope he was 
to respond “same” or "different" by pressing the 
appropriate response button. The Ss were instructed 
to respond as quickly as possible but to avoid making 
errors. 

Each session was divided into two parts, separated 
by a 5-min. rest period, with the horizontal pairs 
presented in one part and the vertical pairs in the 
Other. The Ss responded to 11 replications of each 
series of eight stimuli. The first presentation of 
each stimulus served as a practice or warm-up trial 
and was not included in the analysis. Each replica- 
tion was presented in a different random order. 
Presentation of each stimulus was preceded by ap- 
proximately 1 sec. by a "ready" signal. Half of 
the Ss received the horizontal pairs in the first part, 
while the remaining half received the vertical pairs. 
For half of each order group the “same” response 
was made with the preferred hand, while the re- 
maining half used the nonpreferred hand. The 


correctness and latency of each was 


response 
recorded. 


REsuLTS 


Mean RTs for the various pair types are 
shown in Table 1. Aligned stimulus pairs 
Were responded to 57 msec, faster than 
mirror-image pairs, F (1, 20) = 49.23, 
p «.001. This difference is less pro- 
nounced for “same” pairs (39 msec.) than 
for “different” Pairs (75 msec.), F (1, 20) 
E1521, p < :001, but is highly significant 
for both (F = 29.39 and 43.68, res ec- 
tively, p < 001). Í » 

For stimuli in the 


horizontal pla 
А 3 2 апе 
Aligned pairs were respo ч 


nded to 51 msec. 
TABLE 1 
MEAN RT (IN MSEC.) FOR ALIGNE i 
л 5 ALIGNED Ахр М E 
IMAGE STIMULUS PAIRS IN THE бао м R 
AND VERTICAL PLANE _ 


Cond. Aligned Mirror image 
Е ѕате 554 (18) 59, 
Horizontal different 573 (16) 631 on 
mean 564 (17) 615 (22) 
\ зате 583 (14) 615 (15 
Vertical different 577 (16) 668 fs) 
mean 580 (15) 642 (17) 


Note.— Parentheses indicate numberof total errors, 
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faster than mirror-image pairs. For verti- 
cal pairs this difference was 62 msec. Sep- 
arate analyses showed each of these differ- 
ences to be highly significant, / (23) = n 
and 5.27, respectively, both ps < .001. T E 
difference between these two values, e 
is equivalent in this stimulus set to T 
difference between up-down and left-rig х 
orientation, does not approach significant 
(F < 1)3 While there was no difference E 
RT to up-down and left-right orienta 
when the stimuli were the same up-dow r 
stimuli were responded to slightly {а 
than left-right stimuli. For different pene 
the reverse was true. This interaction 
significant, F (1, 20) = 7.21, p < .01. єс 

Responses to “same” pairs were 25 та 
faster than those to "different PS 
F (1, 20) = 17.85 p « .001, although t i 
effect must be evaluated with the significai 
Response X Pair Type interaction repor е” 
above. For mirror-image pairs, e. 
responses were made 42 msec. faster rd 
"different" responses. For aligned ра 
this difference was only 7 msec. star 

A significant Plane X Order of Presents 
tion interaction was found, F (1, 20 7 
27.14, p < .001, reflecting the fact that 
decreased from the first to the second ha 
the session. 


н а nd 
While the error rate was only 3.7%, а 
the differences 


among conditions эта 
more errors were made on mirror tote 
than on aligned pairs and more on à 1): 
zontal than on vertical pairs (see T able 


Discussion 


ы con” 
The results of this study demonstrate 


n 
clusively that adults have difficulty compart 
mirror-image stimulus pairs when. vt вер“ 
image” is defined in terms of the axis bá diffi 
aration of the pair. Furthermore, th tical 
culty is found equally for pairs in the ы 
and horizontal planes. diffe 

ne study with adult Ss using a same, oon 
ent RT task and stimuli of this type һай 068) 
Teported by Sekuler and Houlihan 
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Translating their results into the language of 
this article, the differences between mirror- 
Image and aligned stimuli were significant for 
orizontal, but not for vertical pairs. These 
puts must be interpreted with caution, how- 
er, since these differences were numerically 
о identical, 42 and 38 msec. for horizontal 
to um pairs, respectively. Their failure 
ins nd significant differences between mirror- 
ge and aligned pairs in the vertical plane is 
foQbably due to several factors contributing 
MS ability in their data. The Ss were un- 
ap am as to the plane in which the pairs would 
Racer since presentation of horizontal and 
Tcal pairs were intermixed. In addition, 
ES pe Ponded by moving a toggle switch to the 
ht or left. A directional response of this 
Er may be incompatible with a task requiring 
a arison of stimulus directionality. These 
only E ims well as their use of median values of 
Blain e responses to each stimulus, may ex- 
ota fact that their median RTs were 
Our 3. 200 msec. longer than the mean RTs 
nd in the present study. 

* he fact that adult response times are longer 
Eure S rordmage stimuli argues against the 
сац БУ Caldwell and Hall (1969, 1970) that 
Misund. S errors are caused merely by their 
app a erstanding of the definition of identity 
Stud ed to mirror-image pairs. In the present 
бер" Ss clearly understood the relevant dis- 
t ›п to be made before starting in the RT 


üsk : e gi 
no K: Also, since mirror-image difficulty was 
ar greater for horizontal than for vertical pairs, 


was the same for up-down and left- 
t stimuli, the bilaterally symmetrical 
hei, ation of human adults cannot explain 
Performance on this task. 
Plausible explanation of these findings, 
epende ^ a suggestion by Deutsch (1955), 
the opi Son the fact that for mirror-image pairs 
“entation of the individual stimuli (right— 
9r up-down) always matches the plane of 
For aligned 
down stimuli 


bas 


th 

e air H . 

ы (horizontal or vertical). 
S the asi 

are ; the opposite is true—up- 
i Е S - 
n the horizontal plane, while left-right 


ЁН H + 
к If it is as- 


em Te in the vertical plane. í м 
Stans ү t ARE S either explicitly or implicit y 
Шага. pair of stimuli, either from the center 
nd of tl И еасһ direction, or starting at one 
Mine th A array, t hen in order for S to deter- 
Us he s orientation of a mirror-image stimu- 
Which ieee integrate sensory information 
ormatig temporally organized with motor in- 
po; ttion about the direction of his scan. This 


boi 
üt is c 
is most clearly seen in the example of a 


pair of horizontal mirror-image horseshoes, 
CXD, with “X” representing S's initial point 
of fixation. A scan to either the left or the right 
would result in exactly the same pattern of 
stimulation over time. This temporal equiva- 
lence is suggested by Deutsch as a possible 
explanation for the confusability of mirror- 
image stimulus pairs. In order for the two 
horseshoes to be distinguished spatially, addi- 
tional information, provided by S's knowledge 
of his direction of scan, would have to be inte- 
grated with this temporally organized stimula- 
tion. This analysis applies in the same way to 
mirror-image pairs in the vertical plane. For 
aligned pairs, however, no integration of motor 
scan knowledge is necessary since the direc- 
tionality of these stimuli remains the same 
regardless of direction of scan.’ If it is assumed 
that this integration of information from more 
than one source requires time, comparison of 
both horizontal and vertical mirror-image pairs 
should take longer than comparison of aligned 
pairs as found in the present study. 

The difficulty young children have with 
mirror-image stimuli may be due in part to the 
requirement of integrating these sources of 
information. In addition, the fact that kinder- 
garten children have unusual difficulty with 
horizontal mirror-image pairs compared with 
vertical, and with left-right stimuli compared 
with up-down (Huttenlocher, 1967a) suggests 
that at this age they cannot derive the neces- 
sary directional information from their move- 
ments in the horizontal plane. This lack of 
left-right response differentiation may well 
be, as Corballis and Beale (1970) have sug- 
gested, a function of the bilaterally symmetri- 
cal organization of the child's nervous system. 

Gesell and Ames (1947) report that handed- 
ness does not become definitely established in 
the child until the age of five. The success of 
Caldwell and Hall's (1969) training procedures 
in decreasing confusion between mirror-image 
letter pairs is possibly explained by the fact 
that their kindergarten Ss have just reached 
the age where directional differences, especially 
left-right discriminations, can be successfully 
processed when a training task relevant to 
these differences is used. 

1 The integration of visual with motor scan infor- 
mation has also been used by Ghent (1961) to explain 
children’s choices of “right-side up" and "upside- 
down" stimuli, and by von Holst (1954) to account 
for the fact that the environment remains stationary 
during a voluntary eye movement. 


272 


REFERENCES 


CALDWELL, E. C., & Hatt, V. C. The influence of 
concept training on letter discrimination. Child 
Development, 1969, 40, 63-71. 

CALDWELL, E. C, & Hat, V. C. Distinctive- 
features versus prototype learning reexamined. 
Journal of Experimental Psychology, 1970, 83, 
7-12. 

ConnBaLLIs, M. C,& BEALE, I. L. Bilateral sym- 


metry and behavior, Psychological Review, 1970, 
77, 451-464, 


DEUTSCH; J. A. A t 
British. Journal 
GESELL, A., & 
handedness, 
70, 155-175. 

Снемт, L. Form and its orientation: A child's eye 
view. American Journal of Psychology, 1961, 74 
177-190. 

GIBSON, E. J., GIBSON, J: J., Pick, А. D., & OssER, 
J. A developmental study of the discrimination 
of letter-like forms. Journal. of Comparative and 
Physiological Psychology, 1962, 56, 892-898. 

HurrENLOCHER, J. Children's ability to order and 


orient objects. Child Development, 1967, 38, 
1169-1176. (a) 


HUTTENLOCHER, ap 
orientation: Effects of 


heory of shape recognition. 
of Psychology, 1955, 46, 30-37. 
Ames, L. B. The development of 
Journal of Genetic Psychology, 1947, 


Discrimination of 


figure 
relative position. 


Journal 


PETER WOLFF 


of Comparative and Physiological Psychology, 1967, 
63, 359-361. (b Ww 
ed can Ps SUTHERLAND, N. S. А Visual a 
crimination by the goldfish: The orent ed 
rectangles. Animal Behavior, 1963, 11, 1 Es 
RIOPELLE, А. J., ITOIGAWA, J., Ran, V., & DEM He 
W. A. Discrimination of mirror-image раро 
by rhesus monkeys. Perceptual & Motor < 
964, 19, 383-389. NODE. 
am R. G., & TEuBER, Н. Discrimination of 
direction of line in children. Journal 8 56, 
parative and Physiological Psychology, 1963, 
892-898. uv. 
SEKULER, К. W., & Houtman, К. ваени 
of mirror-images: Choice time analysis pet 
adult performance. Quarterly Journal of E? 
mental Psychology, 1968, 20, 204-207. __ minos 
SEKULER, К. W., & Коѕемвілтн, J. F. Dec 
tion of direction of line and the effect of stin 


alignment. Psychonomic Science, 1964, 1, 
144. 


Я iscrimination of orien" 
SUTHERLAND, №. S. Visual discrimination О! 


179, 
tation and shape by octopus. Nature, 1957, 
11-13. 


" e entral 
Von Horst, E. Relations between "à organs 
nervous system and the регірһега 


А 4, 2 
British Journal of Animal Behavior, 1954 
89-94, 


(Received May 13, 1971) 


— os 


| 


1 


у 


Journal of Е. Я 
xperimental. 
O71, Vol. 91, Мо. 2, 273-9797 


PRIMARY TASK PERFORMANCE AS A FUNCTION OF ENCODING, 
RETENTION, AND RECALL IN A SECONDARY TASK? 


DON TRUMBO? Ахрор FRANCIS MILONE 


Pennsylvania State University 


Sixteen males were trained in pursuit tracking, then tracked while involved 


in encoding, retaining, 
task. Results indicate 
tracking ta 


with processing of the secondary task. 
aurally rather than visually with similar results. 


ed in terms of attention demands and information- 
ach phase of the secondary task. 


signals were presented 
The findings are discu 
processing requirements underlying е 


a recent article, Johnston, Greenberg, 
e E and Martin (1970) reported four 
ackin ы-ы іп which а compensatory 
Dn mk Nas combined in different 
ary ees with verbal tasks whose pri- 
Were fies ormation-processing requirements 
tively, coding, retention, and recall, respec- 
lat tr l'hese dual-task studies indicated 
i be g error was a function of the 
Ask b of the verbal task whether the 
r Eni ced on encoding, retention, or recall 
Cation ments, Furthermore, a rough indi- 
Was ol St the divided attention demands 
тор ва by comparing the tracking 
results the various experiments. These 
lag, > Suggested that recall of the second 
Iraqi, P Bendered more interference with 
Ereate E ап encoding, which in turn had 
‚ One booa than retention. — 
the ke 4 ficulty with the conclusion drawn 
Song E Statement was that the compari- 
ing a made across different experiments 
‚Че same tracking task, but qualita- 
Qu the different second tasks. Thus, as the 
dre te acknowledged, these comparisons 
ther *nuous and the conclusion needs fur- 
ny SUPportive evidence. 
tion s evidence that encoding and reten- 
asks, as well as recall tasks, interfered 
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sity р 


to 


or recalling sequences in a serial-learning secondary 
d that recall produced the greatest interference in the 
, followed by encoding, then retention. Tracking did not interfere 


In a second study, secondary task 


with tracking also appears to contradict 
the results of a number of studies from our 
laboratory (Noble, Trumbo, & Fowler, 
1967; Trumbo, Noble & Swink, 1967; 
Trumbo & Noble, 1970). In these studies, 
Ss who were instructed to "attend to and 
learn" a series of secondary task signals 
(but with no overt response requirements) 
showed no interference in the overlapping 
tracking task. At the same time, evidence 
from test trials indicated that these Ss did 
learn as much about the second set of 
signals as those Ss who verbally anticipated 
each signal in the set. 

It appeared that these “covert learning” 
conditions in our experiments were com- 
parable to the encoding conditions in the 
Johnston et al. (1970) studies; yet while the 
latter tasks produced interference, the 
former did not. Whether this discrepancy 
resulted from the use of different tracking 
tasks (compensatory tracking of a complex 
sine wave in the Johnston et al. research vs. 
pursuit tracking of a step-function input 
in our studies), or the fact that Johnston 
et al. used a reward system biased in favor 
of performance on the verbal tasks, or from 
vet other differences in the second task 
requirements is not clear. One possibility 
is that the seemingly more difficult tracking 
task used by Johnston et al. failed to yield 
sufficient residual attention capacity for 
the encoding task, whereas with our simpler 
tracking task a sufficient residual remained 
to handle the less demanding encoding 
phase. 

The present study was designed to assess 
the relative demands of successive stages 
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of information processing in a secondary 
task, as indicated by performance decre- 
ments in an overlapping primary task, and, 
at the same time, to determine the effects 
of dual-task loading on the short-term 
memory for the secondary task. The 
paradigm differed from that of Johnston 


et al. and from our own earlier studies in 


that the tracking task was overlapped with 
different stag 


es of processing on the same 
secondary task rather than on qualitatively 
different tasks. 


ExPERIMENT I 
Method 


Subjects—Sixteen male volunteers from intro- 
ductory psychology classes received research parti- 
cipation credit for serving in the experiment. 

Apparatus —The tracking apparatus was very 
similar to that described in detail elsewhere 
(Trumbo, Eslinger, Noble, & Cross, 1963). Basi- 
cally, it consisted of two $ booths, each equipped 
with an oscilloscope on Which target and cursor 
were displayed as 1-in. vertical hairlines, and a steel 
chair with an arm Control which consisted of a 
right forearm rest pivoted at the elbow and a grip 
handle, adjustable to the length of the forearm. 
The control was positional with a control-to-display 
ratio of 11° arc to l-in. displacement. A stationary 
left armrest included four microswitches mounted 
to accommodate four fingers of the left hand. Four 
4-in. jeweled lamps positioned 4 in. apart above the 
cathode-ray tube (CRT) on an are with a radius 


of 7 in. from the center of the CRT served as signal 
sources for the secondary task, 


Signals for both the tracking t; 
ary tasks were Programmed fro; 
Toom via a paper tape reader, 
error was obtained for each tr; 
operational amplifier manifold 
criterion of tracking performance, 


ask and the second- 
m à separate control 
Absolute integrated 
icking trial using an 
and served as the 
е. Each of the four 


SUMMARY о 
= ЕД 


Cond, 
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T zi to a 
microswitches on S's left armrest was Mas from 
separate pen of a multiple-pen Et ed the total 
which the number of correct responsi ВА { secondary 
response times were taken as indicants of s 

ask performance. м ња ОЁ@ 
b ne The pursuit tracking Mare 
step-function input with a чепи D х pee 48 вес. 
steps, 1 sec. apart, repeated six SS E: of seven 
The secondary task consisted of a eae lamps: 
events programmed on the four JEN llus interva 
These events occurred with an тонаса ће 
(ISI) of 3 sec. and a duration of 1 вери these 
S's task was to encode, retain, and vals he 
Seven events in successive 24-sec. E NE. e 
recall task was to reproduce the sequence f 
four spatially corresponding buttons. of the experi- 
Design and procedures.—The dedos 1 of the 
ment is presented in Table 1. m E tracking 
study, all Ss were given twenty als and pre 
trials, separated by 18-sec. rest И ed error 
ceded by a 2-sec. warning buzzer. In бы after each 
scores were fed back to 5 via an intercom n Ss were 
trial. At the completion of Phase 1, PS task: 
given a familiarization trial on the acus of seven 
They were presented with one Sed to ап 
lights which they were instructed to “a filled rete? 
learn” (“encoding”), followed by an Eun on signa 
tion interval of 24 sec. ("retention"); t "sequence 
from Ё, Ss attempted to reproduce the s ў 
pressing the response keys (“recall ). ions shown P? 
Phase 2 consisted of the eight condition E desig! 
Table 1. Each row describes one trial in oceeding: 
with two Ss beginning at each row and ua different 
in order, through the eight trials even all ? 
Sequences of the lights were generated, £ ae ordet 
proceeded through the equences in de wi t 
"Thus, each sequence used equally о ч ехсер 
each of the first seven of the eight condition Т 
that the two Ss who began with the EDS заты 
fracking control) condition received ditions 2, 
combination of sequences and task Eo eigh 
the two Ss who began with Cond. Bi inter? 
trials (conditions) were separated by pr por. 
in which E described for S the manne din 


е! 
: succe 
the two tasks would be combined on the 
trial. 


TABLE 1 


F Coxprtions, ЕХРЕК1МЕ 


Secondary task phase Ё A 
SS — -— vost Ose 
Encode (24 see.) Retain (24 see.) Recall (24 dec.) BE 
Track? 
Retain F track is 
seg Retain + track + track ee 
6 BS etain + track he. 
Ос Tack etain ur 
encode Retain + track == 
Encode + track etain g 
Encode (no tracking) Retai i cking) kn 
L €tain (no track n racking 
Track only (48 Sec.) | ne a racking) Recall ihat 4 
= | | ae 
> ; uM cus JL 
Note.—All ss Pretrained with twenty 48-sec, tracking trials 


» then one secondary-tas| 


k trial, 


{ 
| 
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TABLE 2 


MEAN INTEGRATED TRACKING ERROR, EXPERIMENT I 


Dual-task cond. 


Tracking interval | 
Track + | Track + Track + | Track only ack ack 
тану | ТЮ | Тш GE | Тайм» | тшт | теа 
Kirst 24sec. | 178 (EQ (E) | 3.19 (Es) 1.88 (CB) | 2.19 (E) | 3.16 (Es) 
econd 24 sec. | 2.13 (Ei) (Ез) | 3.16 (E4) 1.82 (CB) aa P 
| X 196 225 3.17 1.85 (2.19) (3.16) 
i Note.—If S left the arm control alone and made no attempt to track, the error for a 24-sec. trial would be 6.31 v. 
a In Experimental Cond. E; through Esand Control first and second tracking trials failed to 
* Тш B, cach tracking trial Wee Пк ma Si approach significance (F < 1.00). How- 
. periods with a 5-ѕес. interval between syer, the variance attributable to dual-task 


Periods to allow Æ to record the error for each 
оа. Experimental Cond. E; and Es with only 
to 24-sec. tracking period were included in order 
pui nde unequivocal evaluation of the effects of 
(Ed on the retention (Es) and encoding (Es) 
ases as reflected in secondary task recall scores. 
atone instructions for Pha (d described the re- 
Koo ements of the tracking task, illustrated typical 
Sive | (overshooting, undershooting, lagging, exces- 
| Brot leading, and slow rate of movement) using 
feed ре tracking records, and emphasized the 
tin for anticipation and rapid movements to mini- 
n tracking error, Following Phase 1, Ss were 
o End in the secondary task. They were told 
тала to and learn the sequence of lights which 
Prodi be presented, and, on signal from E, to re- 
ing Ше the sequence on the response keys. Preced- 
Wea of the eight. test trials, the sequence of 
illustes for the following trial was described and 
Strated by means of a simple diagram of the 
PPropriate row from Table 1. 


| Results 


nis mary task performance.—Of principal 

Test with respect to performance on 

"d tracking task were Experimental Cond. 

a E; In these conditions, tracking 

wig Performed alone and in combination 

is. each phase of processing of the second- 

in ив once in the first 24 sec. and once 

‚ iore is second 24 sec. of tracking. There- 

Perf, à 2 X 4 X 8 analysis of variance was 

te ned on these cells, with within-Ss 

ing 1 effects of (a) first versus second track- 

бп Intervals апа (b) the four dual-task 

ditions, and between-Ss main effect for 

* eight pairs of Ss who received the treat- 
nts in the same orders. 

у of doe the variance between Ss nor any 

icant ERN involving Ss was signi- 

: Furthermore, the variance between 


m 


conditions was significant, F (3, 24) — 
65.29, p « .01. The mean integrated error 
scores for these conditions, as well as 
Control Cond. B and Experimental Cond. 
E; and E; are presented in Table 2. In 
addition to the differences attributable to 
dual-task conditions, perhaps the most 
striking fact about these data is the high 
degree of consistency within the columns, 
that is, across replications of the same com- 
bination of primary and secondary task 
conditions. The single trial conditions, Es 
and Ев, may be compared with Columns 
2 and 3, respectively, and again the indica- 
tions are that the results are highly 
consistent. 

The means of Columns 1-4 of Table 2 
were tested for separation using the Dun- 
can's new multiple-range test. The results 
indicated that all the comparisons among 
the four means were reliable (p < .05). 

The results are presented graphically in 
Fig. 1. The bars represent the mean 
integrated error scores from Table 2, rear- 
ranged to emphasize the amount of replica- 
tion within the study. With the exception 
of the E; data for tracking only, estimates 
of the same dual-task effects are within 
.1 volt of one another. 

Secondary task performance.— Two indi- 
cants of secondary task performance were 
analyzed: the number of errors in recalling 
the sequence of seven events and the total 
time to recall, measured from the first to 
the last response. Since Ss were not in- 
structed to produce recall responses as 
quickly as possible, the latency scores were 
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INTEGRATED ERROR - Volts 


Fic. 1. 
task condi 
conditions 


not considered critical 
performance, 

The sequences of by 
on the Esterline-An 
pendently by three ju 


a conser 


recall was the “free orde 


ordered 


serial cues, scoring con 
Thus, for example, $ n 
first three signals correctly, omit the fou 
and then reproduce the last three 
correctly. А conservati 
dure would vield 
instance, whereas a more 


ysis wo 
sponses. 
S's sequ 


crediting him with 


responses Correspondin 
backward from the 


Total re 
suring 


sponse г 


sequences var 


(encode 


the distance betwee 
the first and | 
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DUAL TASK COMB. 


Tracking error as a function of dual- 
tions. (Bars are coded with reference to 
shown in Table 1.) 


measures of task 


1tton presses recorded 
gus were scored inde- 
idges who then reached 
asus score for each trial. Since 
red" type, that is, 
recall but self-paced and without 
nplexities occurred, 
night reproduce the 
rth, 
signals 
ve scoring proce- 
а score of three in this 


uld. credit S w 

The procedure use 
lence of response fr. 
all responses c 


nd then adding the 
5 to sig 
end of tl 
sponse times were obta 


number of 
nals reading 
le sequence, 
ined by mea. 
n the onset of 


ast responses from the re. 
ecords. 


for Control B (secondary task only). 23 
three conditions which араа RE 
while tracking (Ез, E4, and Eg) dap ki 
poorest performance, followed by Wee 
conditions requiring recall M 
(Е, and Es), retention while tracking d 
and the control However, while E. 
data show an interesting pw и 
analysis of variance indicated that D ES 
of means did not differ reliably, F \\ LP 
< 1.00. Similarly, while the total ер, 
times were greatest for the two ondi on 
in which responses were made саш а. 
ing (E, апа Е), the erie 9D. 
variance was not significant, F | a i 
= 1.28, р > .05. Thus, the data oa. 
establish any reliable effects of the primar? 
task on secondary task performance. 

Dis 


ssion 


ali- 
The results for the tracking task are 2 d 
tatively similar to those by Johnston, SA a 
(1970); the greatest amount of inter solving 
occurred under dual-task conditions ; followe 
the recall phase of the secondary task Р The 
by the encoding and retention panem. a 
fact that the latter two phases w re asso rfor- 
with reliable decrements in tracking ге оп 
mance is also in agreement with the Jo ir own 
et al. findings, but appears contrary to oa 5 
prior results in which stimulus encoding 
did not produce interference, re j 
whether the primary task was tracking p vere 
et al., 1967; Trumbo et al., 1967) or даги our 
bal learning (Trumbo & Noble, 1970). .v task 
assumption that these various secondary v 
conditions are comparable with respect defe 
information-processing requirements S he dis 
ble, then the problem is to account for those of 
crepancy between present findi gsand t results 
Johnston et al. on the one hand and the 
of our prior studies on the other hand. 
À possible ex 
mode of 
In our 


ask* 


The only exception sk 
Was the case in which the primary tas 1070): 
serial verba] learning (Trumbo & Noble, mor* 
In the latter, lists Were presented on à тё task 
drum with an ISI of 3 sec., and secondary. nts 
signals were presented via a set of five T 
set in an arc above the exposure window С 
arrangement was very similar to that ! 
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ERU вищу, with the exposure window re- 
TS ес ds CRT display. In either case, 
па, ary task signals were readily dis- 
Shiftin "s in peripheral vision, l.e., without 
I ocus from the primary task display. 
Ss did mire 1s conceivable that in both studies 
E ends ш their point of focus from primary to 
om гу рау in response to the onset of 
tary SHE ary task signals. While a momen- 
no effec t of the eyes might well have little or 
it is « и оп the discrete verbal learning task, 
суе ае possible that such a disruption of 
iustmen coordination in the continuous ad- 
to ae tracking task would be detrimental 
ancy р Ing performance. Thus, the discrep- 
from ee een the present results and those 
of the n studies may have been the result 
ency А movements occasioned by the ten- 
ask gi orient toward the source of secondary 
5 signals, 
К iment Il was designed primarily to 
Exp, е above explanation of the results of 
Ments } In addition, since the prior experi- 
e required in some cases verbal and 
Sponge T cases motor responses, these two re- 
also E oy were included in the design. It 
esign d decided to use an independent groups 
Sign of E comparison with the within-Ss de- 
trials А “хр. I, and, finally, to run repeated 
dui er each experimental condition to 
forma е the persistence of any observed per- 
“nce decrements. 


M EXPERIMENT П 
M ethod 
Subj s: 
due 2S: Fifty-three male volunteers from intro- 


мы 

ч аны Psychology classes received research parti- 
thes n credit for serving as Ss. Data for 3 of 
P Were discarded because of E errors or ap- 
E 5 failures, 
tr, Pbaratus, 


1 


Dara, " 


and the input for the 


he apparatus 
xp. 


ас 
КЕ task were identical with those used in E 
the ny the Secondary task, a nine-item sequence of 
tions imbers 1-4, generated with the same restric- 
Й > the sequences in Exp. 1, replaced the se- 
ор seven light signals used in Exp. I. These 
i an Ise ne recorded on an audiotape system 
Wit e SI of 2.0 sec. Each S booth was equipped 
intercom. response buttons, as in Exp. I, a remote 
а he S station for communication with Æ, and 

É esien ed receiving secondary task signals. 
actoria] nd procedures.—The design was a 2 X 3 
pn d With 2 response modes (motor vs. verbal) 
gation, pare phasing conditions (encoding, re- 
i Stemati nd recall). Five Ss were assigned un- 
i airs cally to each cell, except that Ss scheduled 
"tion, es assigned to the same dual-task con- 
h one assigned to the motor and the other 
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TRIALS 
Ет Tracking error for dual-task and control 


conditions at each trial, Exp. П. (Data are pooled 
for verbal and motor response modes. Dotted lines 
show verbal, V, and motor, M, data separately for 
recall only. Tracking error would have been 6.31 v. 
if S had made no attempt to track.) 


to the verbal response mode. Ten Ss were assigned 
to a tracking control condition, and 5 each to two 
secondary task controls (motor and verbal). 

Following initial tracking instructions, all Ss 
received 30, 24-5 tracking trials separated by 
12-sec. rest intervals and anticipated by a 2-sec. 
Integrated absolute error scores 
after each trial via the intercom. 
Upon completion of the 30 tracking trials, S was 
given instructions and a single familiarization trial 
on a secondary task sequence without tracking. 
Then the phasing of the two tasks was explained and 
S was given five dual-task trials, wherein the track- 
ing task was the same as that used in the initial 
training but the secondary task sequence differed 
from that used in the familiarization trial. 

The total cycle for the secondary task was 90 
sec., with 16 sec. for presentation of the numbers, 
a 44-sec. retention interval followed by the verbal 
command "recall," 24 sec. (maximum) for recall, 
and 6 sec. between the end of the recall interval 
and the next presentation. For the three dual-task 
conditions, respectively, the 24-sec. tracking trials 
overlapped the encoding, retention, or recall phase 
of the secondary task. Thus, within the five-trial 
block, tracking trials were separated by 66 sec. 


warning buzzer. 
were reported to S 


Results 
The data for the primary (tracking) task 
are summarized in Fig. 2. Mean integrated 
absolute error scores are plotted for Trials 
1-5 as a function of dual-task conditions. 
It is apparent from these data that inter- 
performance was 


ference in tracking 


278 


greatest when combined with the recall 
phase of the second task, next greatest for 
the encoding phase, and minimal for the 
retention phase of the second task. The 
motor recall mode appeared to produce 
more interference than the verbal, but only 
when the recall phase was combined with 
tracking. That is, the effects of encoding 
or retaining the sequence of numbers ap- 
peared not to depend on the response code 
required. 

These findings were supported by a 
4 X2 X 5 analysis of variance involving 
the 3 dual-task conditions plus the tracking 
control and the 2 response modes as be- 
tween-Ss sources of variance and the 5 
trials as repeated measures. The dual- 
task combinations were a reliable source of 
variance, F (3, 32) = 7.85, p< :01, but 
the difference between response modes was 
not significant, F < 1.00. Trials was a 
significant source of variance, F (4, 128) 
= 10.63, р < .01, but neither the interac- 
tion of trials and dual-task combinations 
(b > 10) nor any of the remaining inter- 
actions was significant. 

A Duncan's new 


multiple-range test in- 
dicated that the t 


racking-plus-recall and 
tracking-plus-encoding conditions differed 
reliably (p < 05) from both the tracking 
control and tracking-plus-retention condi- 


tions, but that the remaining differences 
were not reliable. 


Recall scores 
sponses) for the second 


ncoding phase of the 
task However, two analyses of variance 
failed to provide statisti 


Pport for this 
as the same as 
X2x 5), but 
ct of trials Was 
P Means tended 
r trials, a second 
as run on the data for 
where the variance due to dual-tas| 
tions did not reach significance (p 


analysis w. 
8 error (4 
only the main within-Ss effe 
Since the grou 
to converge ove analysis 
(EX2) w Trial 1 
k condi- 
= 42). 
Discussion 


ults of Exp. II provide 
eculation that the interfi 


по support 
erence from 
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encoding in the first experiment might 0. 
been an artifact of eye movements be a 
primary and secondary task signal i kr 
Instead, they indicate that both encodin g ae 
recall phases of processing the second a idi 
sufficiently demanding of attention fe d 
interfere with the tracking task, regard es: B 
whether the signals are visual or auditory. m 
this sense, the two experiments are ы 
mentary in increasing the generality e in 
findings. Generality is further шеси 
that the present results are in Sb 1970); 
agreement with those of Johnston et al. od 
Which involved rather different tasks an vd 
cedures. The findings are somewhat Геза А 
sistent with respect to the attention делу 
of retention, although it appears that proce 
occurring during a retention interval a 
demanding than either encoding or recall T 
The results of the first experiment dic M. 
indicate any accumulative effects on er 
performance of overlapping with two p d 
of the second task. That is, tracking us ү 
during retention of the second task be "ens 
identical whether they were preceded ges 
coding only or encoding plus tracking. cdita 
larly, tracking scores during recall appear rior 
be independent of whether or not the Ping: 
Tetention phase was combined with баг ihe 
These findings appear to be consistent wi kc 
evidence that tracking did not interfere ЗЕ 3 
ciably with performance on the secondary nce 
Neither experiment yielded reliable evi 
that tracking interfered with performance 
the secondary task or was more detrimen à 
one phase of secondary task processing bw 
another. Furthermore, there was no evid Vai 
of cumulative effects when tracking. E 
lapped two, as compared with one, ДЕГ 
the second task. However, in both xn 
there was some indication that tracking П 


A m 
affect the encoding process adversely. A fore 
sensitive 


mance, 


s 
dies 
ight 
ore 


" 
might Substantiate this trend. Neverthe ng 
the present results indicate no different ary 
terference with the phases of the T nat 
task, and therefore support the content ag are 
the attention demands of the task phase 
reflected in tracking task performance. "i 
Taken together with the findings of Jo spon? 
€t al. (1970), the results indicate that ee a 
selection and/or response execution, wh! mo 
Obviously required at recall, are py 
demanding stages of information Bed pr 
more limited in capacity than the stimul! шге 
Processing or stimulus categorization xen 


stor 


Là _ ай 


^ 


x 


we Loo el 
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at encoding. Tn this respect, the results agree 
With conclusions reached on the basis of our 
Prior studies (Noble et al., 1967; Trumbo & 
Noble, 1970; Trumbo et al., 1967) to the effect 
that response-selection decisions constitute a 
Major limitation to the processing of overlap- 
Ping channels of information. However, the 
Present results do not agree with those prior 
face which indicated that encoding tasks 
Not exceed reserve attention capacity and 
therefore did not interfere with the tracking. 
ether research directed at this discrepancy 

ay be worthwhile. 
7 €neralizations about the attention demand 
encoding, retention, and recall, or the infor- 
pittion-processing stages underlying these task 
гв should be most tentatively drawn in 
mar of more adequate sampling of both pri- 
m ү and secondary task conditions. It may 
d example, that recall produced more 
Caus erence in the present studies simply be- 
rel € both primary and secondary tasks were 
atively demanding at the response-selection 
9r response-execution stages of processing. 
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The experimental paradigms used in the pres- 
ent studies appear to offer a promising strategy 
for pursuing these and related questions. 
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The effects of relative stimu 
variant across levels of com 


likely alternatives, the increa 
frequency was significantly 
compatibility. These findin 
produced by two distinctly 
of these functions at stim 
relative frequency, 
primarily sensitive 


It has been well-established that choice 
reaction time (RT) varies as the inverse of 
the relative frequency of individual 
tives when stimuli and responses 
in 1:1 Correspondence (e.g., Fitts 
& Wolpe, 1963; Leont’ey 
1963). Until recently, 
unclear whether this rel 
called relative frequency 


by variations in stimulus probability or by 
variations in response probability since 
these two variables are completely con- 
founded when stimuli and responses are 
paired in the 1:1 manner. 

to the solution of this diffic 
the use of 


alterna- 
are paired 
, Peterson, 
& Krenchik, 
however, it was 
ationship, the so- 
effect, is produced 


approach have 
nclusion that 
ility is the pri- 
ol the relative frequency 
& Tisseyre, 1966; Haw. 
1969; Hawkins, Thomas, 


rlying much of 
ative frequency effect. 
ance of two logically 
aking activities com- 
intervene between the 
€sponse in choice RT. 
eprints should be sent to Harold L. 
ment of Psycholo, 


£y, Universit Г 
атра, Florida 33620. dia 


Concerns the signific 
distinct decision-m 
monly supposed to 
stimulus and the r 


1 Requests for г 
Hawkins, Depart: 
South Florida, T. 


А : i T weie 
ilus frequency on choice reaction time (RT) were 
investigated under two levels of S-R compatibility. 1 RE 
with declining frequency and the magnitude of this increase теша Жо 
patibility when relative frequency was manipula 

by varying the frequency imbalance among stimulus alternatives. 


i varying the equally 
when relative frequency was manipulated by varying the number of equally 


se in choice RT associated with declining relative 
greater under conditions of low, relative to high, 
gs suggest that the relative frequency effect is 
different mechanisms of anticipatory bias. One 
ulus identification and is responsive to stimulus 
whereas the other functions at response selection and is 
to response numerosity. 


Choice RT increased 


However, 


ecides 


1 > š and 
Upon stimulus input, S presumably ai 


Which of the several possible See p 
been presented (stimulus ncc ' 

discrimination) and then which E is 
several permissible response alterna onse 
appropriate for that stimulus ect 
selection). On the assumptions that T a ol { 
lus probability effects are a рес that | 
bias in stimulus identification an ction 

response probability effects are a refle oing 
of bias in response selection, the forsen 
evidence is consistent with the aen 
the relative frequency effect is large ue 
to anticipatory adjustments in the wr 
identification process. The present § 

Constitutes a further test of this view hoice 

If the slope of the function relating € 


P : alter! 
RT and the relative frequency of E pro 


Jus 


па 


tives, in fact, is governed wholly | ation 
cesses involved in stimulus атаки e- 
then that slope should be eusva 
sponsive to manipulations of the n 
array and should not be respons i re" 
Variations in the characteristics o, ularly 
Sponse display per se or, more partic 

to variations in the compatibility un 
of familiarity) of the S-R pairings forn 
Study. In a review of the human ре sul! 
ance literature, Posner (1966) p nce 
marized findings seemingly at koc nce 
With this prediction. —Posner's © resul 
was based on a comparison of the ts con" 
of a number of choice RT experimen’ 088 Š 
taining S-R pairings distributed ас 


ulus 
to 
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b Droad range of compatibility levels. The 
comparison revealed that as compatibility 
declines there is a concomitant acceleration 
UM pu at which RT increases with the 
tives (EL equally likely stimulus alterna- 
Be dba As). Since the relative frequency 
lines iyidhal alternatives necessarily de- 
Po with increases in the number of ELA, 
ré лег 3 analysis suggests that the relative 
Ee effect is not independent of S-R 
it үр ісу. Clearly, this finding makes 
tion ШЕШ to defend the general proposi- 
Era T the relative frequency effect can 
m Ad ү attributed to anticipatory bias 
ae us identification, regardless of the 
relative eas employed to manipulate 
ings Аа requency. However, these find- 
Stimuln not preclude the possibility that 
fols lus identification plays the significant 
induced the relative frequency effect as 
"Mem by alternative means, viz., mani- 
а Em of the frequency imbalance among 
alter; number of unequally likely stimulus 
эт ГПаЧуевз (ULAs). While it is true that 
езу, and ULA procedures yield similar 
| Bis aoe, certain circumstances, e.g., 

Varyir they serve as alternate means for 
| ina a the total amount of information 

б be amulus series, they would not appear 
| Н influenced in the same way by varia- 


p S-R compatibility. Hyman (1953), 

Je сеа, has reported data which may 
long preted as showing that under condi- 
Produc low compatibility, ELA procedures 

і than an a Stranger relative frequency effect 
P rever 9 ULA procedures. However, the 
Com Se is true under conditions of high 
of „patibility, as indicated by a comparison 
Tesults between two studies of naming 
(19,5^€ by Brainard, Irby, Fitts, and Alluisi 

3 Alt 2) and the other by Fitts et al. (1963). 
ls er 
Jj ef, relative frequency 
*qui, S on naming RT when the number of 
йы adble numeral stimuli. is varied, 
nami S al. found a sizable difference in 

| цор RT to the same class of stimuli 


h ү : 
Ough Brainard et al. found that stimu- 
has only modest 


1 
one, Conditions of frequency imbalance. 
hat ^ Pw together, these findings suggest 
t A procedures either are insensitive 
Variations in S-R compatibility or, 


i 5 
ег E 
| haps, that they are less sensitive than 
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are ELA procedures. Only the first of 
these two possibilities is totally consistent 
with even a limited conception of stimulus 
identification as a necessary factor in the 
determination of the relative frequency 
effect. 3 
With these considerations in mind, the 
present study was designed to vary relative 
frequency both by manipulating the num- 
ber of ELAs and by manipulating the fre- 
quency imbalance among ULAs. As a test 
of the stimulus identification interpretation 
of the relative frequency effect, two condi- 
tions of S-R compatibility were studied. 
Under the high compatibility condition, 
the alphabetic symbols used as stimuli were 
assigned naming responses, and in the low 
compatibility condition these same stimuli 
were assigned key-press responses. Under 
all conditions of the experiment, stimuli 
and responses were paired on 1:1 basis. 


METHOD 


Subjects —The Ss were 7 women and 5 men 
enrolled in an advanced undergraduate experimental 
All Ss had normal or normal 


psychology course. 

corrected on and all were naïve with regard to 
RT research. Course credit was given for 
participation. 


Stimuli and apparatus.— The stimulus population 
consisted of the uppercase letters A, D, E, Hy Qr S; 
X, and Z (Tactype No. 5418). Stimuli were pre- 
sented singly for a duration of 1 sec. on a uniform 
white background at a viewing distance of 43.18 cm. 
through a Polymetric two-field mirror tachistoscope. 
atencies were recorded with a Hunter 
Two separate response modes were 

Under conditions calling for the 
a response panel containing 
as placed before S. The 
were arranged in an 


Response | 
Klockounter. 
distinguished. 
key-press response, 
eight piano-type keys w 
assigned to each hand 
inverted U configuration so that the thumb and 
first three fingers could be comfortably rested on 
them. A slight depression of a key closed a relay 
contact which, in turn, (а) terminated the Klockoun- 
ter and (b) activated one of a 2 X 4 array of indica- 
tor lights informing E of the identity of the particular 
key depressed. Under conditions requiring the 
a microphone was suspended 


naming response, а 
about 2.54 cm. in front of S at mouth level. Vocal- 
izations into the microphone closed a Marietta 


voiced-activated relay which in turn terminated 
the Klockounter. 

Procedure.— The 12 Ss were randomly divided 
into two groups of six. Throughout the one practice 
and six 1.25-hr. test sessions forming the experiment, 
one of these groups was assigned the key-press 
response mode and the other was assigned the naming 
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response mode. The practice and first three test 
sessions were presented on consecutive days and 
the last three sessions followed on consecutive days 
after a 2-day delay. Three days prior to the prac- 
tice session, Ss were given material which they were 
instructed to memorize prior to the beginning of the 
experiment (which they did). Each member of the 
key-press group was given a card on which were 
depicted the eight S-R pairings specifically assigned 
to that S and the spatial arrangement of the re- 
sponse keys. Each member of the naming group 
was given a list containing the eight stimulus letters 
to be used in the experiment. 

During the 240-trial practice session, Ss in both 
groups were trained under a general procedure in 
Which any one of the eight stimuli could 
with equal probability on any trial. 
instructed here, as on subsequent day: 
as quickly and accurately as possible. 
S-R pairings assigned to S du 
Maintained across days of the experiment. In addi- 
tion, all Ss practiced the response mode they would 
be using on subsequent days. 

During each of t 


appear 
The Ss were 
5, to respond 
The specific 
iring practice were 


Г imbalance conditions were de- 
signed as, I; 25(A)/75(B); II: 87.5(A)/12.5(B); and 

25 (4)/50(B)/12.5 (C)/12,5 (D). The Roman 
numeral beginning each sequence is an arbitrary 
designation Which will be used hereafter in referenc- 
ing each of the various conditions. Each digit code 
within a sequence indicates the percentage of trials 
on which a particular S-R pairing occurred. The 
letter following each Percentage value in each 
Sequence arbitrarily designates the identit 
S-R pairing which took on th 
of occurrence, 


€. the left index 
Patibility condi- 


; In terms of the abo 
three equiprobable stimulus conditions were: 


25(А )/25(В)/25(С)/25(у 


se mode, 
tions 


across Ss within 
ili designated as 
minant and non- 
as counterbalanced across Ss 
condition. The stimuli denoted 
ssigned to the middle fing 
bs, and G 


identity of the sti 
A, etc., was determined on 
for each S. 


A and B to in 
domin 


ers, E 
and H to the right 
mulus designated as 
à separate random basis 
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During both practice and test sessions, the € 
and correct relative frequencies of alternative: t 
in the case of the key-press group, the EE d 
S-R code, were made available to Sonan Th ER 
prior to the onset of each condition. Th The 
remained before S throughout a conditions Pak 
intertrial interval was 5 sec., with a warning t eat 
1-ѕес. duration occurring immediately ia ee 
presentation of a stimulus. ; After Ceilliseconds 
response, S was informed of his RT in mi don 
Following each incorrect response, 5 was which - 
that he had comitted an error. Stimuli to y Ris 
incorrectly responded were nol subsequently ret 
within a condition. 


RESULTS Я 
Table 1 gives the mean ers b. 
percent incorrect responses under Ec) ‘UL 
dition. Except in the case of Cond. esent 
ПІ, the RTs appearing in Table 1 or o 
the pooled arithmetic mean latencies ос 
S-R pairs denoted as A and В. The po 


be o 
for Pairs A and B. Under conditio A 
the pooled RTs р 


values, respectively, were 443 ane "y 
31, p> .10. 
of significance betwee chat 
values, the assumption was made t "c a 
latencies reported under ULA III for se or 
D could be fairly compared with a i 
À and B under that or any other con B 
In what immediately follows, bed р: 
ELA conditions were treated УЛ 
single analysis and the three ULA i 


comparable across ^ ix 
All analysa followed He uh M 
model, with S.R compatibility (a jativ? 
low) as a between-S variable and 5 
frequency and level of practice 


е. 1 @ 
(pay? | 
i 


ee 
ae — 
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TABLE 1 


Сноск RT (iN 


MSEC.) AND ERROR PERCENTAGE AS A Funcrion or STIMULUS RELATIVE FREQUENCY 
NCY, 


LEVEL OF S-R COMPATIBILITY, AND METHOD OF FREQUENCY MANIPULATION 


High compatibility Low compatibility 
Cond, Stimulus relative frequency Stimulus relative frequency 
875 75 50 | 25 125 875 75 50 % 125 
ULA | | | 
1 — 378 AL ieee Es We 384 = d 
(.00) | (01) | | (70) 
| 
П 396 2 = — 439 | 394 — — — 434 
(.00) (00) | C48) (3.46) 
Hi ES = 394 442 459 = — 503 542 575 
(00) | (01) | (06) (1.67) | Q.99) | (4.90) 
ELA | 
IV, V, VI — — 402 432 458 — = 420 540 654 
(00) | (00) | C09) (72) | (1.80) | (3.10) 
that the differences in slope across com- 


and 2 vs. 3 and 4 vs. 5 and 6) as within-S 
Variables. The between-S variable was 
үр. of direct interest as a main effect, it 
оша be pointed out, because of differ- 
20Се5 across compatibility levels in the 
таб mediating between Ss' response 
ef à Klockounter termination. The effect 
his difference in equipment was to add 

9r subtract) a constant of unknown magni- 
p to all times obtained under the high, 
ae Ive to low, compatibility task. This 
E A invalidated main effect comparisons 
E compatibility variable, but not 
Mero ns of interactions involving this 

ariable, 

ae analysis of ELA conditions revealed 
ilit R r declined with increasing compati- 
je Y, P1, 10) = 35.52, p « .005, with 
creasing relative frequency, / (2, 20) 
а р =< .005, more rapidly with in- 
Кү ы relative frequency under the low 
п ао high compatibility condition, 
- Q, .20) = 39.30, p < .005, and with 
n reasing practice, F (2, _20) = 7.99, 
NS 005. Тһе slope of the fitted regres- 
bonus across high compatibility ELA 
cor tons was 1.52 msec., and across low 
NU aid i ELA conditions was 6.40 
Ыш per unit change in stimulus proba- 
Um Е The significant interaction of rela- 
is requency and compatibility obtained 
the analysis of ELA conditions indicated 


patibility levels were statistically reliable. 

Under ULA I, RT declined with increas- 
ing relative frequency, F (1, 10) 2 75.60, 
p < .005, and with increasing level of 
practice, P 2. 20) = 12.51, p «:005* 
Under ULA Il, RT again declined with 
increasing relative frequency, F (1, 10) 
— 35.60, p « .005, and increasing level of 
practice, F (2, 20) = 5.96, p < .01. Under 
the last condition, ULA Ш, RT declined 
with increasing compatibility, / (1, 10) 
— 20.99, p « .005, increasing relative fre- 
quency, Ё (2, 20) = 31.63, p < .005, and 
increasing level of practice, F (2, 20) = 7.30, 
p < .005. A significant level of Practice 
x Relative Frequency interaction, F (4, 40) 
= 12.08, р < .005, also was obtained under 
ULA III, indicating a decline in the magni- 
tude of the relative frequency effect across 
levels of practice. The slopes of the fitted 
regression lines for the high and low com- 
patibility conditions, respectively, were 
1.00 and 1.04 under ULA I, .92 and .70 
under ULA II, and 1.79 and 1.86 under 
ULA III. The analysis of variance carried 
out on data from ULA conditions revealed 
that none of these differences in slope within 
ULA conditions across levels of compati- 
bility were statistically reliable. 

A separate analysis was carried out to 
compare performance across high compati- 
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bility ELA Cond. IV, V, and VI with that 
obtained under the ULA condition, (111), 
containing equivalent relative frequency 
values. In this analysis, method of fre- 
quency manipulation (ELA vs. ULA), rela- 
tive stimulus frequency (12.5 vs. 25 vs. 50), 
and level of practice were all treated as 
within-S variables. The significant effects 
of relative frequency and of level of prac- 
tice under Cond. III, IV, V, and VI have 
been reported immediately above and will 
not be described again here. Our major 
Concern in the present analysis centered 
around the main effect of method of fre- 
quency manipulation and the interaction of 
this variable with relative frequency. The 


F ratios for both these effects were non- 
significant. 


Discussion 


The results of this experiment are quite 
clear. When stimulus frequency is manipu- 
lated by varying the frequency imbalance of 
alternatives, the rate of increase in choice RT 
with decreasing relative frequency is unaltered 
by variations in S-R compatibility, However, 
when relative frequency is varied by increasing 
the number of equally likely alternatives, the 
Tate of increase RT is significantly greater 


under conditions of low relative to high 
compatibility, 

Two basic a: 
of these results, 
the interval betw 
choice RT js partially taken i 
cally distin 
identification and the other ( 
tion, 


relative to the a 


umptions underlie our 


analysis 
First, we have assun 


ned that 
and response in 
1р by two logi- 
ating to stimulus 


derlying i 
quency effect can be 


Whether or not the eff 


€ fre- 
эзе basis of 
ect is influenced by S-R 


cessing, 
n essen- 
ata from this lab- 
s of frequency im- 
& Hosking, 1969; 


oratory concerning the effect 
balance on RT (Hawkins 
Hawkins, Thomas, & Drury, 1970). However. 
a different picture emerges on considering per- 


formance under Conditions where the number 
of ELA were varied. The interaction of com- 


ined 
patibility and relative frequency Mens 
here indicates that under certain A ; an 
factors related to response selection PCI 
important role in determining the d in 
quency effect. Put differently, ү he num- 
choice RT observed with increases in t ane 
ber of equiprobable stimulus Meer omit- 
would not appear to be due solely to CU 
ant changes in the stimulus processing T B ise 
of the task because the magnitude of t ТЫШЫ 
was largely dependent upon the companen 
of the S-R code used. Indeed, ue A rela- 
which took place in the slope of the E ot coms 
tive frequency function across levels ien the 
patibility occurred in spite of the fact t ante 
identity and statistical structure of the d 
lus array remained invariant across 
evels. ч is 
Considered altogether, the findings of the 
experiment suggest that the relative {таны 
effect may be the result of two distinctly . 7098 
ent information-processing mechanisms, he 
functioning during stimulus telen ip Us 
the other during response selection. 2 аа 
ber of alternative theoretical approaches $^ 
available in terms of which these two de К go 
mechanisms can be conceptualized (see, aye 
Berlyne, 1957; Smith, 1968). ное aa 
have elected to interpret our findings in A tica 
of an informal model derived from statis ap- 
decision theory, primarily because pt 
proach offers a single framework within M p 
both the stimulus and the response епови qu 
tained in the present experiment can а 
quately described, The stimulus identificati a 
component of the model is based in part des 
view first. described by Stone (1960). 1 ШОк, 
scription of the response selection вот 
borrows from the formulations of Keele ( ao 
and of Berlyne (1957). The central featur an 
the model of stimulus identification jators 
internal array of counters or data accumu EL a 
each of which is maximally responsive ative 
particular task-relevant stimulus rey k ex- 
among those potentially available in ШЫ? is 
ternal environment, While each fune us 
primarily responsive to a particular 8р ге- 
alternative, counters are also generally ura 
Sponsive to randomly varying levels of Wee. 
noise assumed to exist as an inherent aioe о 
9f the human sensory system. The SE crease 
presenting a given stimulus is thus to im ap- 


the rate of accumulation of counts in t te О 
Propriate counter beyond the average [л {һе 
accumulation of noise-produced counts а а 
remaining counters, When the count in- 
Particular counter (whether correct ОГ 


| 
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E reaches а predetermined criterion 
E UU that identification. response associated 
Bess of counter is initiated. In decision 
the Een this general form, the stringency of 
the ie erion setting is a major determinant of 
ee length of time needed to se- 
ternal “2 sample data counts, from the ex- 
terion poe The more stringent the cri- 
that 3 t he higher the count necessary to reach 
€ pm and thence, the longer the data 
ient d time required. Conversely, the more 
fime the criterion, the shorter the sampling 
ca у However, the likelihood that the 
m sa when incorrect, will inadvertently 
Mee tern on the basis of noise alone also 
ME greater as the criterion becomes more 
depend i Thus, the locus of the criterion will 
impose in part on the speed -accuracy emphasis 
Posed by the conditions under which the 
ү оша is performing. An identifica- 
80 ү banien of this type can be structured 
К it adaptively reacts to differences 1n 
diffe; Hs relative frequency by establishing 
entially stringent criteria across counters. 
Ёш атоо the decision mechanism 
елеу operate in such a way that the strin- 
Count o the criterion established for a given 
rec ы will vary as the inverse of the relative 
five ency of the associated stimulus alterna- 
that ые implication of this assumption 15 
requ he effects of varying stimulus relative 
tion ahah on the speed of stimulus identifica- 
Уш be independent of whether relative 
Proce ney is varied by ULA or by ELA 
dures, 
а 5, the fact that the magnitude of 
асг этапие frequency effect, as measured 
А8, the high compatibility ELA Conds. 
DM oe VI, approximated that obtained 
requ à LA Cond. III (which involved relative 
ети values equivalent to those occurring 
é le the ELA conditions) indicates that the 
attri in the former instance may be wholly 
id Mire a to anticipatory bias in stimulus 
ever ы ication, As previously indicated, how- 
ie | the unique feature of the ELA data 28 
Каш асап of compatibility and relate 
торсу abont which models focusing on the 
Dieser identification phase of ae er 
inter, Ssing have little to say- We view this 
, “raction as a manifestation of response con- 
с. забун, 1957) which, we assume, in- 
of Ses as a monotonic function of the number 
,Tesponse alternatives available within the 
E task The extent of this increase in con- 
str » We further assume, is dependent upon the 
*ngth of association between stimuli and 
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their respective responses. More specifically, 
it is proposed that response conflict increases 
with the number and extent of competing rc- 
sponse tendencies elicited by each stimulus. 
To the extent that a set of S-R pairings is 
strongly associated, as under our high com- 
patibility naming condition, only the correct 
response will tend to be elicited by each stim- 
ulus. Accordingly, such pairings will nor- 
mally produce relatively little conflict. How- 
ever, when S-R pairings have been associated 
only marginally, as in our low compatibility 
key-press condition, each stimulus alternative 
will elicit response conflict by evoking responses 
other than that experimentally defined as 
appropriate. To summarize, the high and low 
compatibility tasks studied in this experiment 
seem to be equally sensitive to the effects of 
changing stimulus relative frequency, regard- 
less of how such changes are experimentally 
achieved. Furthermore, performance on the 
low compatibility task appears to be addi- 
tionally sensitive to a form of response conflict 
that is associated with variations in the num- 
ber of responses S is required to discriminate. 

While response conflict seems to be a rea- 
sonable label for the response numerosity 
effects most evident under the low compati- 
bility task, the concept does not imply a con- 
crete mechanism by which such effects occur, 
Statistical decision theory provides a concep- 
tual system within which a relatively specific 
mechanism of conflict can be formulated. 
‘According to one version of such a mechanism, 
associated with each possible response alter- 
native is a counter which receives and accumu- 
lates more or less noisy data representing the 
output of the stimulus identification process 
described earlier. When the count in one of 
these response counters, whether correct or 
incorrect, reaches a predetermined criterion, 
the associated motor response is activated. 
The effect of S-R learning, or compatibility, 
can be represented within this scheme in terms 
of the average difference in rate of count 
accumulation between correct and incorrect 
counters. That is, increasing compatibility 
corresponds to increased signal strength, or in 
present terms, to increases in the rate at which 
the count accumulates in the correct counter. 
Thus, at relatively high levels S-R learning, as 
compatibility task, the rate at 
plus noise-produced count 


in our high 


which the signal 
builds in the appropriate response counter will 


tend to be much greater than the rate of 
accumulation of noise-produced counts in the 


incorrect counters. At lower levels of S-R 
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learning, as in our low compatibility task, 
signal strength is less and therefore the diff- 
ence between correct and incorrect counters 
in the rate at which the count builds will tend 
to be less. Following the usual statistical 
decision theoretical assumption that noise (or 
the rate of accumulation of noise-produced 
counts) is distributed across counters as an 
independent random variable, the smaller the 
average difference in rate of c 
tion between correct and incorrect counters, 
the greater the likelihood at any criterion 
setting that a member of the latter set will 
inadvertently reach criterion prior to the 
former. Moreover, increases in the number of 
incorrect response counters (as across ELA 
conditions) should, for any given criterion 
setting, lead to an increase in the likelihood 
that one of the independently accumulating 
incorrect counters Will perchance reach cri- 
terion first. The extent of the increase in 
error rate will depend on S-R compatibility. 
The greater the difference between correct and 
incorrect counters in the rate at which they 
accumulate counts, the less the effect on error 
rate of an increase in the number of incorrect 


Actually, however, we 


ount accumula- 


Process and 
at produces the 


HAROLD L. HAWKINS AND JAMES R. UNDERHILL 


difference in the magnitude of ае ma 
quency effect observed between high an E 
compatibility ELA conditions in the pre 
experiment. 
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The Ss were required to m: 
trolled length and then ha 
movement to represent the average 


Support was found for a class of additive 
ld be approximated by a simple average of the 


he subjective scale values of the longer fixed 
o be less than the objective lengths. For condi- 
averaging responses could be approximated 
scale values, where the weight or in- 
stimated to be slightly greater than the 


averaged, the responses cou 
stimulus scale values, where t 
movements were estimated t 
tions with three or five stimuli, the 
by a weighted average of the stimul 


fluence of the last fixed movement was 
d movements. Results were discu: 


ation and serial integration processes. 


weights of the earlier fixe 
relationship between reter 


= ^i experiments are presented which 
anaes е following task: S makes several 
ee controlled motor movements— 
ions a sliding block a fixed distance 
folded a horizontal plane while blind- 
Bus end then is required to make an 
Dr nal (uncontrolled) blind linear move- 
to represent the average of the several 
Tia movements. The manner in which S 
to ы the successive fixed movements 
ч at his average was xamined by 
n sing the effects of variables such as 
number and sequencing of stimuli 
a doe Vus within the context of 
ion ily of additive models of the integra- 
process. 
Mure general form of the 
sidered the integrative judgment : 
die to be a weighted sum or average o 
Wei od values of the stimuli, where the 
de eat of a given stimulus is assumed to 
md on its serial position independent 
Dres is value of the stimulus. For the 
Would task, a weighted average model 
take the following form: 


additive 
is con- 


п] 


response, Si 
le value and 
(fixed 


Ra = У Wisi, 


Wher s а 
dnd R4 is the averaging 
Wei wi are the subjective sca 

ight, respectively, of the stimulus 
nt to Irwin P. 
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ake several successive blind linear movements of con- 
d to make an additional uncontrolled blind linear 
of the several fixed movements (stimuli). 


models. With two movements to be 


ed in terms of the 


movement) at Ordinal Position i, and 
Sw; = 1. If the values of the stimuli at 
each ordinal position are varied in a fac- 
torial design, it can be shown that an 
additive model predicts no interactions in 
the analysis of variance tests (see Ander- 
son, 1964a). The present experiments 
employed factorial designs, and the inter- 
action tests were used to assess the good- 
ness of fit of the models. 

While much of the earlier work with 
these models has dealt with verbal stimuli, 
serial integration tasks with psychophysical 
stimuli such as line length, loudness of tone, 
and lifted weight have been investigated by 
Anderson and his associates (Anderson, 
1967; Parducci, Thaler, & Anderson, 1968; 
Weiss & Anderson, 1969). Anderson (1970) 
reports mixed support for an additive model 
based on averaging theory and suggests 
that further study is warranted. The pres- 
ent task is related to these earlier tasks and 
could serve to increase the generality of the 
findings and model development in this 
However, the present task has two 
features which, in combination, distinguish 
it from previous tasks: (a) Stimulus mag- 
nitude is manipulated along a continuous 
dimension, and responses are executed and 
recorded along the same dimension; and 
(b) visual as well as verbal stimuli are 
Jiminated. Craft and Hinrichs (1971), in 
a retention study conducted with essentially 
the same apparatus and procedures of the 


area. 
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present studies, showed that recall per- 
formance as a function of stimulus se- 
quencing was not affected by the oppor- 
tunity for selective attention (precuing S 
as to which stimulus he would have to 
reproduce). In general, this would not be 
predicted for visual or verbal stimuli 
(Posner, 1967). If mediating processes such 
as attention are analogous in retention and 
serial integration, then the present task 
allows for the study of serial integration 


where these processes may play a reduced 
role. 


EXPERIN 


il 


In Exp. I, S was asked to produce the 
average of two successive fixed linear move- 
ments. From the additivity assumption of 
the model, i.e., that 7; and wə are invariant 
across values of s; and 5°, it is predicted 
that an analysis of variance on the averag- 
ing responses should reveal no interaction 
between stimulus value at Ordinal Posi- 
tion 1 and stimulus value at Ordinal 
Position 2. The interval between the two 
fixed movements and the interval between 
the second fixed movement and the 
averaging response were varied. Additional 
tests of alternative forms of Equation 1 
depend on the relationship between the 
values and these intervals. If w, and 
wz vary as a function of the time intervals, 
then there are expected to be interactions 
involving the time variables, 


Method 
Design.—Each of the two fixed Movements (S,, Sy) 
9n à given trial was of length 15, 35 The 


veen the two fixed move mete fy Пн 
апа the interval betwee, 
of the second fixed movement and th 
aging response (T) was 5 or 10 sec 

X 2 factorial design was employed with each § re 
ceiving all 36 combinations of Sy, S, T E 


ving ] › Эз, Ti and Ts. 
Subjects—The Ss were 24 (14 male, 19 female) 


uctory psychology Courses at the 


- A3X3x2 


free- moving, 


S-cm.-square 
locks were mounted on 


а wooden meter 


The other block hadak 
and was moved fr, 


om left to right 
t hand to Present Н 


the fixed move- 
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= he 
ments and to indicate his averaging DA S dud 
apparatus was placed on a table раа pa Tune 
coronal plane. The S was blindfolde e. 
that his responding was not based Nap our andom 
Procedure.—Each S received a diferent " trials. 
order of presentation of the 36 experimen ЕД fixed 
On each trial, S was required to complete vement 
movements S; and time to complete а m pros 
and return to the starting position as hos and 
mately 8 sec.) with designated time interva à blocks 
Tz and was then required to move the SUE. of the 
distance which he estimated to be the кр T to 
two fixed movements. Responses were rollos ing 
the nearest millimeter. The S heard err 
tape-recorded sequence of commands: LU 
"move one," "return," “move | tw „" Upon 
"average," and "return and, disengage: the knob 
hearing the command “engage,” S rd At the 
and waited for the first “move” command. noothly 
"move" command, 5 was instructed to | t, until 
move your block down the slide, to your rig "block." 
ir movement is stopped by the other E 
The S held his block at the stop until the клал his 
"return" was presented. The S then d secon 
block to the starting position. Following t d ayer’ 
"move" and "return" comman ‚© mere average 
age," which “will be a signal to estimate t 19 х At the 
of the lengths of the first two movements. roed his 
“return and disengage” command, S reti tus unti 
block and removed his hand from the арра 
the next "engage" command. The mane the “ел? 
the “disengage” command on one trial anı as 10 sec: 
gage" command starting the next trial em from 
The 5 was not Permitted to remove his har o feed- 
the apparatus during a trial and was given zing re 
back concerning the accuracy of his ауе, prac 
Sponse. Prior to the experimental trials, ш com 
tice trials were given. ted of eac 


These consist t length 
bination of Т, and T», with fixed movemen i 


= a use! 
more extreme than the values of S, and и? 
the experimental trials. A 3-min. rest inte 
inserted midway through the session. 


Results and Discussion h 
ac 
The mean averaging response ar © 
Condition is shown in Table 1. It imate 
seen that in most cases, Ss underestP ye- 
the actual mean of the two fixed MOY? 
ments. If Ss’ averaging respons eg, 
responded exactly to the physical d have 
then the values 25, 35, and 45 wou e 
been obtained for the successive leve 
S: and Ss. For S, the corresponding ^" 2 
Values were 24.70, 32.98, and i and 
the mean values were 24.85, a3 
43.05. An analysis of variance per effect? 
on these data showed that the main ро! 
of value of S; and value of 5 we and 
highly significant, F (2, 46) = 875-2 


ean 


S 


AVERAGING MOTOR MOVEMENTS 


Hi o aee 108 time intervals 
b. : were not significant sources of 
B rica: but the latter effect approached 
asc ance at the .05 level, with the mean 
ic e response being slightly less 
terval BE 2 10-sec. stimulus-response in- 
None m following ENS S interval. 
or T. 9 the interactions involving T: 
(b m "Sppronhed statistical significance 
-20 in each case). 

(т чагу to the predictions of the model, 
E a statistically significant inter- 
$, F between the stimulus values Sı and 
actio, (4, 92) — 7.13, p < 0t. This inter- 
plot of 19 graphed in Fig. 1, along with a 
hine S the physical means for each of the 
that af X Ss combinations. In can be seen 
is r is lines are very nearly parallel. In 
E it should be noted that the 
the i m of the variance contributed by 
mdr eraction term was only about one- 
by ew of the proportion contributed 
reliability main effect. To further assess the 
Vatian ity of the interaction, an analysis of 
individ. test was performed for each 5 
time Idually by treating the four Г, х Г» 
interval combinations as replications 


TABLE 1 
; RESPONSE FOR EACH 
TION IN 


Value of 
S: (em.) 


5-10 35 


10-5 


M 


аге measured in centi- 


ing respon 
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—— MEAN AVERAGING RESPONSES 
== OBJECTIVE MEANS 


eor 


MEAN (cm) 


15 35 55 
LENGTH OF S, (cm) 


Fic. 1. Mean averaging response as à function of Sı 
and 5 length in Exp. I. 


to obtain the necessary error terms. For 
each of the 24 Ss, the main effects of value 
of Sı and value of S» were both highly 
significant (df — 2, 6, p « .001, in each 
case). On the other hand, the interaction 
S, X S: (df = 4, 12) was significant at or 
beyond the .05 level for only 6 of the Ss. 
Thus, for 75% of the Ss, no significant 
interaction was found even though large 
main effects were obtained. Consequently, 
the small but statistically significant inter- 
action obtained with group data will be 
interpreted as being а fortuitous con- 
sequence of the extremely high power 
inherent in the group analysis. Further 
additivity tests will be included in Exp. 
II, but tentative support will be assumed 
for an averaging model. 

Alternative forms of the averaging model 
can now be assessed. Since none of the 
interactions involving Ту and Т» ap- 
proached significance, the weighting pa- 
rameters Wi and » are assumed not to 


depend on the time intervals. The weight- 
s a function of 


ing parameters could vary a 
a comparison 


ordinal position. However, 
of different stimulus sequences with the 
same pair of stimulus values (e.g-, S, = 55, 
$, = 35; and Si = 35, 5. = 55) reveals no 
systematic order effect. Estimates of vei and 
т» were obtained through functional meas- 
urement techniques (see Anderson, 1970). 
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TABLE 2 


AVERAGING RESPONSE AND PREDICTED 
UE FOR EACH COMBINATION OF S, 
AND So IN EXPERIMENT Í 


Value of Sı (cm.) 


Value of 
pi 15 35 55 M 
15 14.6 24.2 35.7 24.8 
(15.9) (24.2) (34.3) 
35 24.6 32.8 42.2 33.2 
24.2 (32.5) (42.6) 
55 Fa 41.9 52.3 43.1 
(34.3) (42.6 (52.8) 
M 24, 33.0 43.4 33.7 


Note.—Predicted values are in parentheses, 


The resulting estimates were фу = .51, 
w: = .49, indicating only a slight tendency 
toward primacy. A subsequent analysis 
revealed no statistically significant order 
effect, F < 1. A parsimo 
tion is that the averaging response equals 
the simple arithmetic mean of the sub- 
jective scale values 51 and ss. 

To obtain estimates of the scale v 
functional measurement techniques were 
used assuming a Simple average model and 
assuming that s, — 5» for a given fixed 
movement length. For Lengths 15, 35, 
and 55, the corresponding scale value 
estimates were 15.86, 32.46, and 52.76. 
The predictions of a simple average model 
using these parameter estimates can be 
compared with the observed means 
"Table 2 for each Si XS, 
averaged over values of the ti 
Most of the Observed value. 
2% of the predicted value. 
discrepancy between 
served values is 2.3%. In general, then, the 
averaging response can be approximated by 
the simple average of the Subjective scale 
values, where the subjective scale v 
of the longer fixed 
than the correspondin 


nious interpreta- 


alues, 


in 
combination, 
me intervals, 
5 are within 
5. The mean 
Predicted and ob- 


alues 
movements are less 


g objective values, 


EXPERIMENT II 


Several aspects of the results of Exp. I 
appear to warrant further study. First 
the statistically significant S, x S: inter. 
action 


; While slight (in 1 


magnitude and not 
apparently systematic į 


n nature, does Cast 
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ie t en n 
some doubt on the applicability es 
additive model. The additivity assump 


i in Exp. Ш; 
was explored in more depth in Е Ped 
in which there were more than two 


f two 
movements to be averaged. For each Ў E. 
experimental groups, stimulus value = an 
of three successive ordinal positior 


; Н ving 
varied factorially in a 3° design, allo А 


E *nteraction. 
four independent additivity (interaction) 
tests. For a third group, stimulus Ms was 
each of five successive ordinal WE 
varied in a 25 design, allowing 26 addi 

j y s 
e use of a three- or five stima 
serial integration task permits an pus An 
analysis of the serial position ее 
additional manipulation that coul p an 
the direction and magnitude of the de 0 
effect in Exp. II is the required mo cond 
responding. For the three-stimulus Т T 
dition, some Ss were required to ber ru 
running average following each Ens 
fixed movement in the sequence; od o 
were required to average only at n other 
the sequence. Previous research wit nb ity 
serial integration tasks such as p 5; 
impression formation (Anderson, 5 
Levin & Schmidt, 1969; SIRE ы 
and number averaging (Anderson, 
Hendrick & Costantini, 1970) foun? raa 
macy effects with end-only responding ^" Я 
recency effects with continuous resP gest 
ing. Anderson and Hubert (1963) pe de- 
that primacy is primarily caused PY nat 
creased attention to later stimuli piyition® 
Primacy is destroyed under con etelY 
Which cause S to attend more comP n 
to the later stimuli. This account 


n 
А erly}! 
appeals to attentional factors und c 


. gu 
Th E t 8 
Order effects. To the extent ED. the 
Mediating processes are reduce expee 
Present motor task, one woul pin the 
different order effects than found 
earlier studies, 
Method. (12 
2 
5 " 5 ге © Ip 
Three-stimulus condition.—The Ss we усћо 
males, 12 females) stu pP ie 
OBY courses at the University of Iowa. n a 
tus was the same as that used in I ach A) 
and six females were randomly assi (rage (pe 
two groups. The Ss in the end-only-ave 
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group executed three fixed movements (Si, S2, 5з) 
on each trial and then were required to move the 
sliding block a distance which they estimated to be 
the average of the three fixed movements. The Ss in 
the running-average (RA) group also executed three 
fixed movements on a trial but were required to re- 
spond after each fixed movement. The first response 
on a trial was simply an attempt to reproduce the 
length of Sı; the second and third responses were 
estimated averages of S; and Ss, and S, Ss, and Ss, 
respectively. Each of the fixed movements on each 
trial was of Length 15, 35, or 55 cm. for both groups. 
Within each group, а 3° factorial design was em- 
ployed with each S receiving all combinations of 51, 
Se, and S, Each S received a different random 
order of presentation of the 27 experimental trials. 

For both groups, the time to complete a fixed 
movement and return to the starting position was 8 
sec. The time to complete an averaging response 
and return to the starting position was 10 sec. 
Group EOA sat quietly during 10-sec. intervals be- 
tween S\-S» and 52-5, whereas Group RA made 
averaging responses during these two intervals. 
The interval between the completion of a fixed 
Movement and the required averaging response was 

Sec. Prior to the experimental trials, three practice 
trials were given with lengths of Si, Ss, and Ss dif- 
ferent from those used on the experimental trials. 

Five-stimulus condition —The Ss were 12 (6 males, 
6 females) students who received essentially the same 
Procedure as Ss in Group EOA above, except that 
they executed five rather than three successive fixed 
Movements (Sı, Ss, Ss; Sa, Ss) to be averaged at the 
end of each trial, and they did not have 10-sec. inter- 
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stimulus intervals. The fixed movement at each or- 
dinal position was of Length 15, or 45 cm., forming a 
25 factorial design. Each S received a different ran- 
dom order of presentation of the 32 experimental 
stimulus sequences following four practice trials. 


Results and Discussion 


Three-stimulus condition.—The mean av- 
eraging response of the three successive 
fixed movements is shown in Table 3 for 
each condition in each group. As in Exp. I, 
most of the cells reveal an underestima- 
tion of the actual mean of the three fixed 
movements. Analysis of variance per- 
formed with groups as a factor revealed no 
significant main effect of groups or inter- 
actions between groups and the other 
factors of the design. However, to provide 
independent tests of the model, Groups 
RA and EOA were analyzed separately. 
The main effects of value of Si, value of Ss, 
and value of S; were highly significant for 
each group, Ё (2, 22) > 100 in each case. 

In testing the additivity assumptions of 
the model applied to the averaging of three 
successive fixed movements, there are four 
interaction tests for each group. For Group 
RA, none of the interaction terms were 


TABLE 3 


MEAN AVERAGING 


RESPONSE AND PREDICTED V 
oF Si, Ss, AND S3 


TALUE FOR EACH COMBINATION 


51 = 15 Sı = 35 51 = 55 
айана Value of Ss Value of Ss Value of St 
alue of Sy E 
15 35 55 M 15 35 55 M 15 35 55 M 
RA Я Я 
3 7] 34.8 | 39.7 | 33.6 
15 22 32.3 | 23.6 270 | 34.2 | 272 | 263 | 3 
(16.3) Gaa) (30.5) 2 27.1) | (35.1) | (26.9) | (33.1) ern 24 
35 200 | 383 | т | 27. | 250 | 331 | 39.9 327 | 311 | 37.3 | 465 | 38. 
(20.9) | (27.1) | (35.1) 3) |6810) |628| в GLO Gr) 459 | is 
55 289 | 315 | 4L8 | 341 39 | 36. 45 | 3 36.0 | 431 | $34 * 
26. 33 2 31.6) | (37.7) | (45.8) (37.6) | (43.8) | (51.8) | | 
M Ge oe Ed 28.5 | 25.8 | 32.3 | 39.5 | 32.6 | 311 | 384 46.7 | 38.7 
EOA e : 
1 32. 23.7 | 22.0 | 272 | 371 | 28.8 | 29.8 | 322 42.1 | 35% 
ў 072) @% B (22.4) | (28.1) | (35.8) (29.4) | (35.1) | (42.8) 
35 203° | 257 | 340 | 26.7 | 25.8 | 32.0 | 41 1, 33.0 Lv oon a, 41.4 
217 i à (26.8) | (32.6) | (40.2 33.9) | (39. í 
55 go Qr» 62:0) 348 | 35.7 | 39.7 | 45.5 | 403 et, E EE 44.8 
ka 22 2 (32.0) | (38.6) | (46.3) 39. 45.7) | (53.3) 
M oe oy | бк? 384 | 278 | 33.0 | 41.2 | 34.0 | 34.8 | 39.7 | 47.5 | 406 
theses. 


Note.—Predicted values appear in paren 
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statistically significant at the .05 level. 
(Additionally, the interaction tests for 
averaging responses at Ordinal Position 2 
for Group RA were nonsignificant.) For 
Group EOA, there was one significant 
interaction; for the S, X S, interaction, 
F (4, 44) = 3.83, p «.01. However, ex- 
amination of the interaction revealed no 
Systematic trend that could seriously 
question the additivity assumption. Thus 
further analysis within the context of a 
weighted average model was conducted. 
Functional measurement techniques were 
used to estimate the weighting and scale 
value parameters for each group. For 
Group EOA, the resulting estimates were 
as follows: w, = +34, ш» = .29, ш; = 87; 
515 = 17.11, 535 = 32.56, 555 = 53.35. In 
comparing the weighting parameters, it 
can be seen that the third stimulus receives 
the greatest weight in the averaging pro- 
cess. However, there is no orderly recency 
effect because the Second stimulus is not 
weighted more than the first. The scale 
value estimates are Similar to those of 
Exp. I, again Suggesting that subjective 
Scale values are less than the objective 
values for the longer fixed movements. For 
Group RA, the pattern of parameter esti- 
mates is similar to that of Group EOA, 
The following estimates were obtained: 


W = .29, w, = 30, w = 41;s15 = 16.27, 
535 = 31.60, 555 = 51.82. 
То further compare the serial Position 


effects between Groups EOA and RA, the 
parameters wy, w, and Ws Were estimated 
individually for each $ in each group, and 
Inear and quadratic trend components 


were computed. Groups EOA and RA did 
not differ significantly in mean linear trend 
component or mean quadratic trend 
component, 

The predictions of a weighted average 
model using the group parameter estimates 
can be compared with the observed Means 
in Table 3. Most of the discrepancie 
quite small. For Group EOA, the mean 
discrepancy between predicted and ob- 
served values ig 3.9%. For Group RA, the 
Corresponding value js 2.79». The better 
fit of the model in Group RA than 
Group БОА is not surprising in 


S are 


n in 
light of the 


fact that a significant interaction was found 
for Group EOA but not for Group RA. in 
In an analogous fashion, an E 
model was applied to responses at Orc ш 
Position 2 for Group RA. The results ich 
quite similar to those of Exp. I, 5 n 
involved the same stimulus combinatio 
but in which Ss gave an end-only € 
response. As in Exp. I, the weig t al 
parameter estimates were nearly Mer 
(ш, = 49, w = 51) and a simple meo ti- 
model was assumed. The scale value e 
mates were 5/5 = 14.95, 535 = 32.72, s Я 
= 52.40. The mean discrepancy вен 
predicted and observed values was 01 
1.6%. P 
C AM condition.—The fe Sx 
eraging response of the five successive fe 
movements is shown in Table 4 for M 
condition along with the physical mean ils 
that condition. As before, most of d 
show an underestimation. Analysis E 
variance revealed that the main sie 
of the values of S;, Ss, Sẹ, Sa, and Ss |, in 
all highly significant, Ё (1, 41) 222 
each case. е Об 
In testing the additivity assumptione е 
the weighted average model, 3 out O <р 
26 interactions were significant (.01 её 
< .05 іп еасһ case). These were the thr 5 
Way interactions S, X Ss х Sz, 51 а 
X Ss, and S; x S, X S, A plot of er 
interactions did not suggest any peer 
discrepancy from the additivity -— е 
tion, and the average proportion о tions 
variance contributed by these interac” age 
was only about one-fortieth of the aver? 
Proportion of the variance contribute 
the main effects. None of the other d 
action terms approach significance à 
-05 level. 


TRUM 5 рага 
The weighting and scale value ра 


ater- 
the 


me- 


- ows: 
ters were estimated to be as 0 D 
Wi=.17, we = 22, ws = 18, UA ~- The 
Ws = 25; s15 = 16.19, s45 = 40.16. су 


Pattern of serial position weights КЕ 

Seen to be similar to those of the f ulus 

stimulus conditions. The last Sek 

receives the greatest weight, but the 

no orderly recency effect. о е 
The predictions of the model pt 

above parameter estimates can be 


AVERAGING MOTOR MOVEMENTS 


TABLE 4 
MEAN AVERAGING RESPONSE AND PREDICTED VALUE FOR EACH 
COMBINATION OF Si, Ss, S3, 54, AND Ss 


а ysica Averaging | Predicted " 2 | "si Avi iue ебе 
so s | gag адве ERE ELE | Pe 
15 15 15 13.9 i62 “|45 15. 15 15 1$ 21 2 20.3 
15 45 21 21.8 22.2 55 15 fis 12° 45 27 2 26.3 
45 15 21 22.4 90.8 |45 15 15 45 15 Т У 24.8 
45 45 27 25.5 968° |45 15 15 45 45 33 31.7 30.8 
15 15 21 20.8 20.5 45 15, 45 15 15 27 241 24.6 
15 45 27 26.2 26.5 |45 15 45 15 45 33 29.4 30.6 
45 15 27 25.9 25.1 45 15 45 45 15 33 27.7 29.2 
45 45 33 30.7 31.1 45 15 45 45 45 39 355 35.2 
15 15 21 22.8 212 45-45 15 15 15 27 23.9 25.3 
15 45 27 27.7 972 |45 45 15 15 45 33 30.8 31.3 
45 15 27 26.4 258 |45 45 15 45 15 33 29.5 29.9 
45 45 33 31.1 318 |45 45 15 45 45 39 34.0 35.9 
15 15 27 25.9 256 |45 45 45 15 15 33 29.6 29.6 
15 45 33 31.8 31.6 |45 45 45 15 45 39 35.3 35.6 
45 15 33 28.9 30.1 45 45 45 45 15 39 32.6 34.2 
45 45 39 36.9 36.1 45 45 45 45 45 45 42.6 40.2 
| 


Pared with the observed means in Table 4. 
gain, most of the discrepancies are quite 
Small. The mean discrepancy between pre- 
dicted and observed values is 3.3%. The 
argest discrepancies occur for sequences of 
all-15-cm, and all-45-cm. fixed movements. 
In Tables 2, 3, and 4 it can be seen that the 
Scale value estimate of s15 was always too 
high to accurately predict the averaging 
response for a stimulus sequence of all-15- 
em. fixed movements. However, adjusting 
Pid estimate downward would have caused 
it ater discrepancies in other cells. Thus 
appears that the parameters are dif- 
erent when 5 is averaging a sequence of 
Mixed stimulus values than when all the 
Values are the same. 


GENERAL DISCUSSION 
> With 5 given the somewhat ambiguous in- 
Struction to “average,” the responses suggest 
that S attempted to reproduce the mean of the 
Several fixed movements and was relatively ac- 
Curate in doing so. There was, however, an 
underestimation tendency and, in Exp. II, a 
Serial position effect. These data could be ac- 
Counted for reasonably well by a weighted aver- 
абе model. There were several departures 
tom the model’s prediction of no interactions, 
Te the observed interactions Were small in 

gnitude and appeared to be nonsystematic. 
Estimates of serial position weights in Exp. 
l yielded order effects different from those 
ound in studies using serial integration tasks 


such as impression formation or number aver- 
aging. The order effects found in these earlier 
studies—typically, primacy with end-only re- 
sponding and recency with continuous respond- 
ing—have been attributed to attentional fac- 
tors (Anderson & Hubert, 1963). In the 
present three-stimulus conditions, there were 
no significant differences in trend components 
for end-only and continuous responding (run- 
ning average). For three- and five-stimulus 
conditions, there was no s stematic primacy 
or recency, but there was a slightly enhanced 
effect of the last stimulus. One possible inter- 
ation of the difference between the results 
k and with earlier tasks is 
different. It 
h mediating 


pret 
with the present tas 
that attentional processes may be 
has already been suggested that suc 
processes play a reduced role in the retention 
of kinesthetic as compared to visual and verbal 
stimuli (Craft & Hinrichs, 1971; Posner, 1967). 
This could also be true of serial integration of 
motor responses. 

Functional measurement techniques used in 
the present study yielded estimates of subjec- 
tive scale values of the longer fixed movements 
which were less than the objective values. 
This is consistent with the findings of stimulus 
trace decays in motor retention (Adams & 
Dijkstra, 1966: Stelmach, 1969) and supports 
a commonality of processes operative in motor 
retention and serial integration. 

Several authors have suggested that integra- 
flect motor retention. AC- 
cording to Pepper and Herman (1970), when 
5 has to recall a standard motor response he 
reproduces a trace of intensity intermediate in 
value to the standard and interpolated inter- 


tion processes à 
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fering intensities. Craft (1971) found support 
for a formal model of motor short-term mem- 
ory in which interference of one motor move- 
ment with recall of another is assumed to take 
place in the form of memory trace alteration 
or partial integration. In the future, studies 
of motor memory and studies of motor serial 


integration could serve to complement each 
other. 
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FUNCTION OF INTERMEDIATE RESPONSES 
OF A BEHAVIOR CHAIN ! 


IN-MAO LIU? лхо HSEN-HSING МА 


National Taiwan University 


With a chain of respor 
mediate steps was m 
from the case of a tw 
[our-step response chain, 
inferior performance in the early 
during the later stage. lt was 
with chain length in th 
These findings point out the ways 


ases, the factor of overt or covert execution of inter- 
anipulated orthogonally to chain length. Quite differently 
o-step response chain, it was found that in the case of a 
covert execution of intermediate steps resulted in 
stage of training and more rapid improvement 
also found that response time increased linearly 
e overt condition but nonlinearly in the covert condition. 
by which a cognitive process may be 


distinguished from a simple response chain. 


Behavior usually consists of a chain of 
Tesponses instead of a single momentary 
Tesponse. The nature of a response chain 
has long been an interesting object of study. 

Ometimes a response chain is observable 
Overtly, sometimes only covertly. А covert 
response chain is a sort of cognitive process 
ike scanning, thinking, or problem solving, 
Where it is hard for an O to tell what are 
the intermediate responses. The present 
Study attempts to study the function of 
the intermediate responses of a behavior 
Chain, 

, For the present study, let us consider 
“ight buttons on a board. Under one con- 
Ron, S will be instructed to press each 
en or four buttons according to some 
ie Under another condition, S will be 

luired to press only the last button ac- 
cording to the same rule without pressing 
Ше intermediate buttons. The former 

Ondition is typical of an observable chain 
of acts; the latter is typical of an implicit 
Searching or problem-solving task. When 
y two buttons are involved, it is a short 
response chain. When four buttons are 
involved, it is a long response chain. By 
Manipulating the length of a response 
Chain, the present study investigates the 
Unction of intermediate responses. 

If a response chain is short, in com- 
Parison to the situation where overt execu- 


1 This study was supported by a grant from the 


qu 
National Science Council. 
2 Requests for reprints should be sent to [n-mao 
-u, Department of Psychology, National Taiwan 
Niversity, Taipei, Taiwan 107, Republic of China. 


tion of the intermediate steps is prohibited, 
execution of every intermediate step may 
lengthen the total time required to com- 
plete the whole response chain. However, 
if a response chain is long, omission of the 
intermediate steps may result in poorer 
performance. Because every step is based 
on the immediately preceding step as a 
reference point, the location of each of 
these reference points should be less dis- 
tinct in the case of a long covert chain. 
This is as if the multiplication of two three- 
digit numbers without writing down the 
intermediate steps seems more difficult 
than carrying out the multiplication step 
by step. The investigation of this type of 
problem may throw light on the linkage 
between simple behavior and complex cog- 
nitive process. 


METHOD 


Subjects.— The Ss were 126 freshmen from intro- 
ductory psychology courses. They participated in 
the experiment to fulfill a course requirement. 

Apparatus and task.—The main part of the ap- 
a device for stimulus presenta- 


paratus consisted of 
hich eight buttons 


tion and a response panel on w 
arranged as a column were mounted. The distance 


between two adjacent buttons was 3.5 cm. The 
stimulus consisted of a card on which a column of 
eight dots were printed, one of which had a red 
circle around it to indicate it as the starting point. 
The stimulus card was presented in the left visual 
field. The response panel was located in the right. 
There were three different tasks. For one task 
ask), depending on which dot had a 
S was to press the corresponding 

button on the response panel. For instance, if 
the second dot was identified as the starting point, 
S was to press the second button on the response 


(replication t 
circle around it, 
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Fic. 1. Response panel with 
buttons. (In these examples, the 
point as indicated in the stimulus 
button. The solid line indicates 
response chain; the dotted line, the two-step covert 


Tesponse chain. The letter p indicates the button 
5 is required to press.) 


а column of eight 
supposed starting 
card is the fourth 
the two-step overt 


Panel. For another task (symmetry task), after 
identifying the starting point from the stimulus 
card, S was to press the button symmetrical to the 
indicated one with respect to the axis bisecting the 
column of buttons into the upper and lower halves. 
For example, if the second dot of the stimulus card 
had a circle around it, S was to Press the second from 
the last (ie., seventh) button, For still another 
task (multiplication task), S was to 

aving twice the distance of the 
The distance of the i 
Measured from the ne upper or lower) of 
the response Panel. The distance between the top 
button (or bottom button) and the upper edge 
(or lower edge) of the response panel was equal to 
the interbutton distance. For instance, if the 
Second dot of the stimulus card was identified as 
the Starting point, S was to press the fourth button; 
if the eighth dot was identified as the starting point, 
he was to press the seventh button. Since, in the 
latter case, if the distance between the eighth button 
and the lower edge, which is the hearer edge in this 
case, was one unit, then the distance between the 
seventh button and the same edge was two units. 

Procedure. Тһе Ss were assigned to one of seven 
groups of 18 Ss each, in the order of their appear- 
ance. Four experimental groups were used to form 
a2x2 factorial design, in which the length of 
response chain and the Presence or absence of 


arer edge ( 
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{ d. 
executing the intermediate steps were beni 
There were two lengths of response E two-step 
step and a four-step response chain. n : task fols 
response chain co d of the DS four-step 
lowed by the multiplication task; t je ТШ р 
response chain consisted of the s пио УП aa 
cation, symmetry, and multiplication 5 uting the 
cession. For the overt condition of exec beton 
intermediate steps, 5 was required to Pot 
for cach component task; for the vue the but- 
of omitting the intermediate steps, to PAS samples 
ton for the final component task only. Me 2 
of two-step overt and covert respor Л < yeto 
shown in Fig. 1. With E's ready signal, the right 
his right index finger on a telegraph key d ard. was 
side of the response panel. When the уро. 
exposed, a clock started at the same чие. bulb was 
pressed the final button correctly, a ue automati 
lit and the clock (invisible to 5) stoppe я The 
cally. Otherwise, he was to start $E eal cor- 
stimulus was exposed until .S pressed the dot ds; 
rection button. Since the third or sixth third or 
starting point resulted in pressing the same used a8 
sixth. button as correct, they were not maining 
starting points, On every trial, one of the e block 
six dots served as a starting point. For eut the 
of 6 trials, the six dots were randomly m starting 
starting points, each dot appearing as ans, experi 
point once. According to the ешр covert 
ment, after about 10 blocks of trials, Ss of уай 
groups started to take advantage of m ending 
relationships between starting points EN steps 
points by disregarding the intermedia. Si each 
entirely. "Therefore, in the present experimen ý 
S was given 48 trials, i.e., 8 blocks of 6 Wm S 

For the condition of covert response Ci h key 
Was required to rest his finger on the e Mey 
until the time of pressing the final correct, isible 
There was a signal bulb on the side of Æ ш кеу, 
to S) such that when S lifted his finger from t E © 
it was lit. This device Was used since, otherw!* 


ut the 

tended to move his finger to help carry О 

covert response chain, rol 
There were 


t 
^ е cont? 
three control groups. For pue Е 
group, the replication task alone was giv k alone 
another contro] group, 


the symmetry га the 
Was given. For still another control E eunt six 
multiplica. The 


tion task alone was given. ' he expeti 
ots served as the starting points as in t 


з masse 
mental groups, Each $ was also given 48 
trials. 


RESULTS 

er- 
Figure 2 shows the improvement e 
formance in the course of training d 
four experimental groups. The pu 
Sponse chain took more time to ever 
than the short response chain. Ho or ИЗ 
execution of the intermediate steps differ 
omission affected the rien in a te 
ently, depending on the length © 


re- 
te 
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spouse chain. For the short response 
chain, omission of executing the inter- 
mediate steps tended to produce superior 
performance, although this tendency was 
Mery small. For the long response chain, 
omission of executing the intermediate 
Steps resulted in inferior performance. In 
the latter case, the magnitude of the per- 
lormance difference was initially large, but 
decreased in the course of training. An 
analysis of variance shows that training, 
chain length, and the factor of overt-covert 
execution of intermediate steps were sig- 
nificant sources of variance: P (7, 476) 
= 166.00, р < .001; F (1, 68) = 109.26, 
b < .001; and F (1, 68) = 8.82, p < .01, 
respectively. 
As noted above, the Chain Length 
X Intermediate Steps interaction was sig- 
nificant, Р (1, 68) = 11.55, p < .01. The 
interactions of Chain Length X Training 
and Intermediate Steps X Training were 
F (7, 476) = 15.65, р 
E 001, and F (7, 476) = 23, Р < 05, 
spectively. According to Fig. 2. the 
latter effect was largely due to the greater 
Improvement in performance for the covert 
Condition in the case of the long response 
prin The three-way interaction was sig- 
cant, F (7, 476) = 3.24, p « .01. 
[шшен analyses showed that as far 
e the first trial block is concerned, overt 
m. BOR of the intermediate steps did 
result in significantly superior per- 
, mance, 1(34) = .42, for the short re- 
Sponse chain, but did result in inferior 
jon meme for the long response chain, 
bi 4) = 2.80, p < .001. For the last trial 
lock, no significant difference was ob- 
ое in either case, (34) = 1.29, апа 
34) = .95, respectively. 
" The addition of response time as 
Sequence of increasing chain length was 
analyzed in a different way- For the overt 
Condition, the response time of each trial 
plock for each S trained with the two-step 
"esponse chain was doubled and this mea- 
Sure was compared with the response time 
9f the four-step response chain. This is a 
Tough comparison from which we can judge 
Whether there are additional processes in- 
Volved in the long response chain under 


also significant, 


a con- 
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TRIAL BLOCKS 


Performance curves of the 
experimental groups. 


FIG. 2. 


the same overt condition. An analysis of 
variance shows that there was no significant 
difference, F (1, 34) = 1.50. In the covert 
condition, by contrast, even the doubled 
response time of the two-step was signifi- 
cantly shorter than that of the four-step 
group, F (1, 34) = 5.54, p < .05. 

The data obtained from the three con- 
trol groups give us information about the 
component mechanisms of aresponse chain. 
Figure 3 shows the performance curves for 
these control groups. It is obvious from 
this figure that the multiplication task is 
the most difficult one. The symmetry task 
seems slightly more difficult than the repli- 
cation task. An analysis of variance 
showed that three tasks produced different 
(2, 51) = 22.39, 


performance levels, F 
as well as 


р < .001. The training effect 
the Treatments X Training interaction was 
significant, F (7, 345) = 47.89, р < .001, 
апа Е (14, 357) = 13.57, p < .001, ше 
spectively. Further analysis showed that 
the response time required for the multipli- 
cation task was significantly longer than 
that for the replication task and also longer 
than that for the symmetry task, t (51) 
=@37, 3553001 and ё (51) = 5.06, p 
« .001, respectively. However, the re- 
sponse time required for the symmetry task 
did not differ significantly from that re- 
quired for the replication task, ¢ (51) = 1.31. 
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ance curves of the control groups. 


Discussion 


The explanation 


of the intermediate 


condition resulted 
be as follows. W 
responses with the 
should depend on 


response. The immedi 


had to provide a 
point from which 
executed. When t 
a chain could 


/hen carrying 


be carried out 


for the fact that 
in poorer pe 


present t 
the immediately 
ately precedin 
refe 
the next response 
he intermedi 
onl 


е is an advantage 
Since no intermedi 


e—e REPLICATION 
| 9---ө SYMMETRY 
*- -* MULTIPLICATION 


LB 


omission 


Steps in the long-chain 
rformance may 
out a chain of 
ask, each response 


preceding 


8 response 
rence point Or st 


arting 
could be 


ate responses of 
У covertly, 5 
diately pre- 
he informa. 
the Space. 
d be exe. 


in the 
ate re. 


the Une required to carry out the vile 
sponse chain. This conjecture is i Б 6) the 
with a larger improvement obtained a 
covert condition with the long response te 
Common observations show that ape. 
chess player can think more than severa b 
ahead, probably because of his long 
training. ө steps 
When execution of the intermediate A 
was required, the time required to A 
response chain is fairly linear. ш ed 
length. On the other hand, the ad with 
to carry out the whole response chain more 
covert intermediate steps ipee, m 
rapidly as chain length is increased. й 
the eighth block of trials, for the ee sec. 
chain, the average response time was м metry 
(obtained by averaging those of the sym! -step 
and multiplication tasks); for the abe А 
covert chain, 1.84 sec.; and for the four z eH 
covert chain, 4.80 sec. This Bunnies ue 
nonadditivity indicates that a covert AL in 
chain may involve disproportionate t cons 
repeated attempts (covert) and тербе inter- 
firmations (covert) as the number M differ- 
mediate steps increases. Although in he nade 
ent situation, a similar observation was ! and 
in an experiment by Archer, Bonet meri: 
Brown (1955). "These. investigators stt п.б 
the rate of concept recognition as a {бс уе 
the number of irrelevant dimensions ari 
if the number of relevant dimensions is El 
constant. They found that as the mimber ve 
irrelevant dimensions increases, time to Tas 
increases also in à positively accelerated oat 
ion. They Suggested that 5 forgets whieh, E 
ticular hypothesis he has tested in the pas 
proceeds to test them repeatedly. ith overt 
In the case of the response chains with that 
intermediate Steps, it was pointed on -step 
doubling the response time of the е 
chain did not result in a significant diffe hain- 
from the response time of the four-step bling 
A slight difference could be due to ec the 
the component of identification time » iden- 
total Tesponse time, because, S had to the 


s ш E 4 ut 
Шу the Starting point before carrying 0 
response chain, 
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PREDICTION OUTCOME, 


S-R COMPATIBILITY, AND 


CHOICE REACTION TIME! 


CHARLES P. WHITMA? 
Virginia 


Intrasequential effects of prediction 
(choice RT) were 
S-R compatibility. Given a 
cantly shorter when the preceding PO 
For incorrectly predicted events in a 
POs lengthened choice RT but inan 1 
POs shortened choice RT. For 
between preceding PO and ch 
pectancy theory, but for 
not explained by expectancy theory. 
model best predicts the effects of 

identification component of the 


correctly 


Lena choice reaction time (RT) task, Ss 
n y correctly predicted stimuli faster 
àn incorrectly predicted stimuli (e.g. 
€rnstein & Reese, 1965; Geller, Whitman, 
Tenn, & Shipley, 1971). In addition, the 
оноп outcome (PO) on trials immedi- 
9А preceding a particular stimulus pre- 
3 ation has been shown to be a significant 
eterminant of choice RT to that stimulus 
Vhitman & Geller, 1971). Specifically, 
Een and Geller demonstrated that 
Nar, RI toa particular stimulus was an 
Ms se function of the number of consecu- 
and V aae POs preceding that stimulus 
of м а direct function of the run length 
Incorrect POs preceding that stimulus. 
E une for the observed effects of 
on eding PO, Whitman and Geller (1971) 
еы the continuous expectancy hy- 
E proposed by Geller and Pitz (1970) 
mecananereaseir the degree of expectancy 
Biene particular stimulus alternative aug- 
corr s both the facilitation to react to a 
el predicted stimulus and the inhibi- 
alt to react to an incorrectly predicted 
ernative, Whitman and Geller (1971) 
ie research. was facilitated by goller gift 
onan qu by me Wiii E 
Phone LU the Chesapeake Em Г 'otor ae rd 
уу, pany. Special thanks are due to {ЧС hard 
1 renn for constructing the logic equipment. 
Ge | чен for reprints should be sent to E. Б 
technic а pL Езусло оу hy cire 
irginia OR and State University, Басе g, 
is 


Polytechnic Ins 


studied in a two-alternative re 


an Incompatible con 


AND E. SCOTT GELLER? 


stitute and State University 


исоте (PO) on choice reaction time 
action task under two levels of 
; predicted event, choice RT was signifi- 
was correct than when it was incorrect. 
Compatible condition, preceding correct 
ompatible condition, preceding correct 


ou 


nct 


a Compatible condition the relationships 
oice RT were consistent with continuous ex- 


dition the relationships were 
The implication that an expectancy 
ndependent variables on the stimulus 


choice reaction process is discussed. 


hypothesized that a correct PO on a partic- 
ular trial would increase S's confidence in 
a subsequent prediction, and thus increase 
S's degree of expectancy for the occurrence 
of the predicted stimulus. On the other 
hand, an incorrect PO was assumed to 
decrease confidence and thus decrease 5's 
degree of expectancy for the stimulus pre- 
dicted. Thus, S’s degree of expectancy 
for the predicted stimulus would be a 
direct function of the number of consecu- 
tive correct predictions, and an inverse 
function of the number of consecutive in- 
correct predictions. Therefore, it was 
suggested that preceding correct POs would 
facilitate a response to a correctly predicted 
stimulus and inhibit a response to an incor- 
rectly predicted stimulus. 

The relationships found between choice 
RT and the number of consecutive correct 
or incorrect POs preceding a given stimulus 
presentation were only partially explained 
by continuous expectancy theory (Whit- 
man & Geller, 1971). That is, expectancy 
theory correctly hypothesized the observa- 
tion that reactions to correctly predicted 
stimuli immediately preceded by incorrect 
predictions were slower than reactions to 
correctly predicted stimuli preceded by 
correct predictions. However, the finding 
that reactions to incorrectly predicted 
stimuli preceded by correct predictions 
were faster than reactions to incorrectly 
predicted stimuli preceded by incorrect 
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predictions was inconsistent with the pro- 
posed expectancy hypotheses. To explain 
this inconsistency, a post hoc explanation 
suggested that preceding PO influenced the 
response component of the choice reaction 
process rather than the stimulus identifica- 
tion component (cf. Sternberg, 1969; Wel- 
ford, 1960). Consequently, the observa- 
tion that choice RT was a decreasing func- 
tion of the number of preceding correct 
predictions and an increasing function of 
the number of preceding incorrect predic- 
tions, regardless of the current PO, was 
interpreted as a result of response facilita- 
tion and response inhibition rather than 
Changes in stimulus expectancy. 

The results of recent studies have indi- 
cated that stimulus probability and predic- 
tion (two indicators of Ss’ expectancy in a 
choice RT task) influence primarily the 
stimulus identificaton component of the 
choice reaction process, That is, stimulus 
probability, rather than response proba- 
bility, was found to account for the effects 
of relative frequency of stimulus occurrence 
on choice RT (Hawkins, Thomas, & Drury, 
1970); and correct predictions of the stimu- 
lus rather than preparation to execute the 
Correct response accounted for the finding 
that faster reactions occur to predicted than 
to nonpredicted stim 
1970). Moreover, 
as the S-R relatior 
compatible, percep 


expectancy theory accounts for t 
preceding POs under two S-R 
ity levels. Compati bility w. 
terms of the naturalness of tl 
tween the stimulus and the г 
natives rather than the simil 
the set of stimuli 


compatibil- 
as defined in 
1€ pairing be- 
esponse alter- 
arity between 
and responses (cf. Smith 
1968). This Operational definition of S-R 
compatibility is identical to the compati- 
bility distinction considered by other RT 


researchers (e.g., Biederman & Kapla 
1970; Schaffer, 1965). "um 
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METHOD 


Subjects.—Forty students (31 males, 2 ари 
none of whom had prior experience in i o the 
time experiment, participated individua Pis] in 
experimental sessions. All Ss rat кез Poly- 
introductory psychology classes at Virgin ceived 
technic Institute and State University, an -A 
optional research credit for their participati c 

Apparatus and procedure.—The iie E С 
of the symbol “N” which was presente | Eia 
two digital readouts, cach 3 x 2 in. and E right 
on a horizontal axis by 14 in. The left an seht," 
locations were verbally labeled "left anoi euch a 
respectively. The Ss viewed the stimuli imati y 
one-way mirror from a distance of ENS ed an 
40 in. The experimental room was darken hen à 
Ss could not see through the mirror except W! 
readout was illuminated. єр 

Throughout the 300 trials of each oe left 
controlled over consecutive blocks of 50, d right 
stimulus occurred on 70% of the trials 3 » more 
occurred on the remaining 30%. Runs of | S th o 
probable left stimulus never exceeded а ЕТЕ ulti 
Seven, and runs of the less probable right s! ig; 58 
never exceeded three. In the task insten > 
were not given any information about o Ss that 
of the stimulus list. However, E informe! T ‘paper 
the stimuli were prerecorded on puncti spee 
tape and emphasized the importance of bo ]s were 
and accuracy. An initial 10 practice er the 
given during which Ss’ questions concerning 
task were answered. E 

Each trial included the following events arning 
order listed: Ss' verbal prediction, a brief be be- 

uzzer, a uniformly random time interval ade 
tween 3 and 2 sec., a stimulus presentation, Б тһе 
choice reaction which turned off the stimulus. 
latency between the stimulus presentation Hunter 
response was measured in milliseconds by d пар" 
Klockcounter. Anticipatory responses an 


a tO 
à : ; indica 
Propriate choices were reported to E by 1 
lights. 


and 


the 


f 
А eo 
A choice Tesponse was made by pulling er ly 
two microswitches which were positioned E 
Separated handles, In Group Сотрай itch 
males, 5 females), Ss pulled the right ich to 
identify a right stimulus and the left swapping 
identify a left stimulus. The reverse S-R n nales i 
was used by Ss in Group Incompatible (16 rich 0 
females); that is, Ss pulled the right md to 
identify а left stimulus and the left sw! 
identify a right stimulus, 


RES 


"LTS ied? 
For analysis, each choice RT for Tria e 
400 was classified into the appropriate o. 
gories which were defined by three t 
omous variables: current iu e os runt 
come (PO), preceding PO, and LE the 
length of the preceding PO. Lett" 


{Da M 
= a; 
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o 
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< 
ш 
[4 
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о 
o 400 o Ó 
=x 
o 
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PRECEDING PREDICTION 
Fic. 1. Choice reaction time 


preceding predicted an 
Group Incompatible. 
consecutive correct or inci 
stimulus.) 


ders “С” and “I” represent correct and 
be D predictions, the categories would 
1 Г 'eled: CC, CCC, IC, fic: GL CCl, 
5 П, where the last letter in the designa- 
сха represents the current. PO. For 
ample, for each 5 the entry 1n Category 
Bon the mean latency over all correctly 
icted stimuli which were immediately 


as a function of the prediction run leng 


d nonpredicted 
(The prediction run length refers t 
orrect prediction outcomes preceding 


th 


stimuli for Group Compatible and 
o the number of 
the identified 


two incorrect POs. After 
omitting error trials (i.e., anticipatory re- 
sponses and incorrect identifications), each 
S had at least five events in each of the 
eight prediction run categories. 

As Fig. 1 indicates, mean choice RT for 
Group Incompatible was longer than mean 
choice RT for Group Compatible. In addi- 


preceded by 
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tion, the difference between mean choice 
RT to correctly predicted events and mean 
choice RT to incorrectly predicted events 
was apparently greater for Group In- 
compatible than for Group Compatible. 
For correctly predicted and incorrectly 
predicted stimuli for each group, choice RT 
to a given stimulus was influenced by the 
PO preceding that stimulus. 

The overall analysis of variance 
(ANOVA), a 2 (Compatibility Levels) 
X2 (Current PO) x 2 (Preceding PO) 
X 2 (Run Length of Preceding PO) design, 
indicated significant main effects of com- 
patibility, F (1, 38) = 10.32, p< -005 ; 
current PO, F (1, 38) = 46.24; р < .001; 
and preceding PO, F (1, 38) = 22.64, 
P < .001. The following four interactions 
were significant: Compatibility X Current 
PO, F (1, 38) = 6.89, p < .025; Compati- 
bility x Preceding PO, F (1, 38) = 17.17, 
P < .001; Compatibility x Preceding PO 
X Run Length, F (1, 38) — 8.39, р < .01; 
and Preceding PO X Run Length, Ё (1, 38) 
= 7.20, р «.025. All remaining Fs were 
not significant at the .05 level. Conse- 
quently, the effects of PO (Current or 
Preceding) were reliably influenced by the 
level of S-R compatibility. 

To examine the nature of the interactions 
with compatibility, a separate 2 022 x 
(Current PO x Preceding PO X Run 
Length) ANOVA was computed for each 
group. For Group Compatible, à signifi- 
cant effect of current PO, F (1, 19) — 36.36, 
Р < .001; and a significant Current PO 
X Preceding PO interaction, / (1, 19) 

== 19:85, р < :001 were found. None of 
the other Fs reached significance at the .05 
level. That is, under a Compatible S-R 
relationship a correct PO preceding a cor. 
rectly predicted stimulus shortened choice 
RT, but a correct PO Preceding an incor- 
pur predicted stimulus lengthened choice 


The results of the 2 x 2 X 2 factorial 
for Group Incompatible indicated signifi- 
cant main effects of current PO, F (1, 19) 


= 25.23, p< +001; and of Preceding PO, 


) 1P < .001; but no signifi- 
cant main effect of run length, F < 1: Of 


the interactions, only the Preceding PO 
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X Run Length interaction was signi E 
Е (1, 19) = 14.31, р < .005. Thus, p a 
an incompatible S-R relationship the e E 
of run length was dependent on the prece i 
ing PO but was not influenced by the cu я 
rent PO. "That is, regardless of the EU 
PO, two preceding correct POs facilite 
à response to subsequent stimuli more E 
one preceding correct PO, and two pred 
ing incorrect POs inhibited a respo 
more than one preceding incorrect PO. 


Discussion 


The results of this experiment are consistent 
with the results of previously reported eae 
ments that examined the effects of ште 
on choice RT (e.g., Bernstein & Reese, core 
Geller et al., 1971). Mean choice RT о 
rectly predicted stimuli was shorter than imi 
choice RT to incorrectly predicted $1069), 
Furthermore, as observed by Keele Ee 
the effect of current PO was more pronoun 
under an incompatible S-R relationship Run 
under a more compatible condition. rie ОЛА 
Length X Preceding PO interaction for Whit- 
Incompatible replicated the finding of ho 
man and Geller (1971) that the run lengt A 
the preceding PO was a significant determi 
of choice RT to a particular stimulus ev om 
On the other hand, for the Compatible © id 
dition, the run length of preceding P Al it 
not have an effect on choice RT nor di р! 
interact significantly with either current Ae 
or preceding PO, Apparently the S-R roe 
tionship used by Whitman and Geller was п the 
difficult (ie, more incompatible) than eri- 
Compatible condition of the present ek 
ment, Such a conclusion is reasonable “iwo 
in the Whitman and Geller study the nen- 
stimulus alternatives varied on a shape pO 
sion (ie, “U” vs, Ө" symbols in the ente 
of a screen) while the response set терге ail 
a location dimension (i.e., left- vs. right- such 
triggers), and as implied by Smith (1968): 
is an incompatible S-R relationship. jp that 

ecent investigators have suggested dat@ 
expectancy theories best account [or (tions 
collected under compatible S-R con 1 : 
(Hawkins et al. 1970; Hinrichs & raid 
The correspondence of the present erate 
Group Compatible to the hypotheses ge roncep! 
by expectancy theory supported the © which 
of a continuous expectancy mechani n i 
Primarily influences stimulus igen Current 
time. For Group Compatible, the 


о 


7 o cau г. зь тыаттан 
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BO x Preceding PO interaction was significant 
and indicated that the mean latency in Cate- 
CM CI and IC were longer than those for 
| ategories II and CC, respectively. Thus, as 
lypothesized by the continuous expectancy 
Ro, preceding correct POs increased the 
acilitation to identify a subsequent correctly 
Predicted stimulus and increased the inhibition 
d identify an incorrectly predicted stimulus. 
n the other hand, incorrect POs reduced both 
the facilitation to identify a correctly predicted 
Stimulus and the inhibition to identify an in- 
SM predicted stimulus. However, since 
we receding PO X Run Length interaction 
às not significant, the hypotheses of Whitman 
E Geller (1971), that the effects of consecu- 
€ correct or incorrect POs should be a cumu- 
E function of their run length, was not 
Bored by the present findings. Thus for a 
meee S-R condition stimulus identifica- 
tivo w dmally facilitated or inhibited by 
consecutive correct or incorrect POs. 
cee studies (e.g., Keele, 1969; Schvane- 
qM & Chase, 1969) have demonstrated that 
e a. incompatible S-R relationships, response 
effects are more prominent than stimulus 
or es The observed effects of preceding PO 
ata Incompatible, that choice RT was a 
Em ing function of the number of preceding 
hime, POs and an increasing function of the 
of th is of preceding incorrect POs regardless 
у x O of the current trial, can be explained 
"Orte, SIME that response selection following 
GA or incorrectly predicted stimuli is 
hibit rim by preceding correct POs and in- 
hificas by preceding incorrect POs. The sig 
inter nce of the Run Length X Preceding | 
p on for an Incompatible condition im- 
ria that PO had a cumulative effect Ad 
iB. That is, response facilitation or inhibi- 
NM 2 cumulatively influenced by s con- 
ES correct or incorrect. Os. This E 
Ус] St with the results for Group Compat!» e 
Cor indicated that only two consecutive 
"rect or incorrect POs had an effect on choice 
to the current stimulus. 
one conclusion, the results of the present ex- 
-riment indicated that POs on trials preceding 
Se cen, stimulus presentation in a choice RT 
atene significantly influenced Ss Pp d 
iát 3 to correctly identify Unt AH ШЕ з 
гес the nature of the relationship )etwee 
eding PO and choice RT was dependent 
Ae the mapping between the stimulus set 
Ч the response set. The differential effects of 


as ma 


1 
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PO indicated that the level of S-R compati- 
bility determined whether the stimulus identi- 
fication component or the response-selection 
component of the choice reaction process was 
emphasized in Ss’ reaction latencies. That is, 
because of the ease of response selection under 
the compatible S-R relationship, response 
effects were minimized and therefore stimulus 
expectancy was the primary determinant of 
choice RT. On the other hand, an incom- 
patible S-R relationship produced a response- 
selection task of such difficulty that the re- 
sponse effects were emphasized and the effects 
of stimulus expectancy on stimulus identifica- 
tion time were consequently masked. Given 
that the level of S-R compatibility determines 
the extent to which a reaction latency reflects 
the operation of a particular component of 
the choice reaction process, the PO X Com- 
patibility interactions in the present study 
supported the hypotheses generated by a 
continuous expectancy theory. That is, an 
expectancy model is most applicable for pre- 
dicting the effects of independent variables on 
the stimulus identification component rather 
than the response selection component of the 


choice RT process. 
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Stimulus and response biases in choice 
three-stimulus, two-response paradigm in wi 
stimulus presentations. Four differen 
xp. 1 used 


tested in two experiments 
tween-S design. In both expe 
with lower frequency differences, but 
more extreme, response biases b 


riment 


D dave contribution of stimulus 
Dus to cce and response execution fac- 
Perime, E noice reaction time. (RT) ex- 
Es uns been studied with several 
Disc E wW th mixed results. Bertelson and 
bili, е (1 066) manipulated response prob- 
A vum stimulus probability held con- 
А Eun found no response bias effect. 
Used a Legrand, and Hobbie (1969) 
Varied | »ree-stimulus, two-response design, 
bility both stimulus and response proba- 
Simat and obtained results suggesting both 
E iste and response biases in choice RA. 
also dim Schurman, and Forester (1967) 
after ШЧ evidence for both [actors even 
nto Nee ing Ss subjective expectancies 
Obtained е Hinrichs and Krainz (1970) 
inaug only a stimulus expectancy effect 
Tider eee "ide two-response ехрегі- 
which Ss predicted the occurrence 

er І In that study, how- 
d a single set of stimulus and 
рек probabilities was examined. One 
end ihe of the present study was to ex- 
imul he previous results to а larger set of 
ү Ша and response probability schedules. 
"ABerge et al. (1969) found an increas- 
response bias with an increase in the 
of the most prevalent 
RT experi- 
(1970) 


me 
) 


the 5 
16 next stimulus. 


Te 


t 


Ne 
Te]. 
esp 
Ne 


1 
E frequency 
nse. In a discrete trials I 
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reaction time were examined in a 
hich Ss were required to predict 
t stimulus frequency distributions were 
a within-S design and Exp. П a be- 
s only stimulus bias effects were found 


as stimulus frequency differences became 
ecame more predominant. 


found evidence for response bias only with 
the most extreme response probability 
ratios (11:1), and even this difference dis- 
appeared when response accuracy was 
stressed. Hawkins et al. attributed the 
apparent response bias effects in previous 
studies to incorrect categorization of in- 
put stimuli. Such incorrect categorization 
would produce fast responses to the stimu- 
lus paired (i.e., having the same response) 
with the high-frequency stimulus and errors 
(usually eliminated from the calculation of 
the mean RT) to the stimulus paired with 
the other response. 

Another factor which could lead to an 
apparent response bias effect in the three- 
stimulus design is the differential proba- 
bility of expecting presentation of the two 
stimuli with different response probabili- 
ties. Correctly anticipated stimuli yield 
much faster RTs than incorrectly antici- 
pated stimuli (e.g., Bernstein & Reese, 
1965), and the expectancy effect appears 
to be strictly stimulus anticipation (Hin- 
richs & Krainz, 1970). Furthermore, at 
least part of the probability effect found in 
choice RT can be attributed to differential 
proportions of correct and incorrect stimu- 
lus anticipations contributing to the means 
producing the observed probability effect 
(Hinrichs, 1970; Hinrichs & Craft, 1971). 
Consequently, part of the response bias 
effect observed by LaBerge et al. (1969) 
might be attributable to unequal propor- 
tions of correct and incorrect stimulus 
anticipations. 

The present expe 
two-response paradigm and also 


riment used the three- 


stimulus, 
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required 5 to predict which stimulus would 
be presented on each trial. Denoting by 
A the stimulus paired with one response 
and by B; and В» the two stimuli paired 
with the other response, several proba- 
bility distributions over the three stimuli 
(A:Bi:Bi) were employed ranging from 
Dialed) to 1124 Unfortunately, more ex- 
treme probability differences had to be 
avoided to reduce the occurrence of missing 


cells in the data analysis. Because Ss tend 
to probability match their predictions to 
the a priori probability of presentation, in- 
frequent stimuli are predicted infrequently, 


producing very few observations of the 
joint event. 


EXPERIMENT I 
Method 


Subjects.—Twelve fem 
served as Ss to fulfill 
quirement. 
left-handed, 


Apparatus—The stimuli were presented on an 
Industrial Electronic Engineers Bina-View self- 
decoding readout display cell (Model KA 12/12- 
093-E-1886). Stimulus presentations were con- 
trolled by prepunched paper tape sequences and 
programmed by a solid-state electronics system. 
The display cell was mounted on a black partition 
at eye level approximately 30 cm. from the seated S. 
Two identical telegraph keys mounted 32 cm. below 
the Bina-View cell were used as response mech- 
nisms. The response keys were operated by § 
index fingers and cach was identified by printed 
labels as corresponding to particular stimuli. Re- 
Sponses and latencies were recorded on punched 
paper tape. 

Stimuli.—In each experimenta] Session 
received two sequences of 130 stir 
The stimuli were the digits 0, 
each session, one of four stimuly 
tions was presented. The four 
conditions are designated by the stimulus freq 
ratios 2:1:1, 1:1:1, 1:1:2, and Dis 
first number represents the relative р 
stimuli assigned to Response A and th 
bers represent the relative 
stimuli assigned to the two 
Bı and B; with B: the two in 
the Unequal ratio ach of the 12 Ss 
received one stimulus frequency condition on ah 
of 4 successive days, such that each condition was 
administered equally often on each day, Each 5 
Was given one of the 12 possible ways to assign three 
stimuli to two responses; the stimulus-response 


assignment for each 5 remained constant over the 
four sessions. 


ale undergraduate students 
an introductory course re- 
Ten Ss were right-handed and 2 were 


each У 
nulus pres ntations, 
1, and 2, During 
Is frequency condi- 
stimulus frequency 
]uency 
» Where the 
rOportion of 
‚Ле next num- 
proportion of the two 
B responses 
the more frequent of 
conditions). Еа 


(designated 
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Procedure.—Although Ss were шап a ue 
stimulus-response pairings, they were not Sg kr 
probability of occurrence of each stimulus ona 
number of trials. On each trial, Ss were ae which 
predict, as accurately as possible, the dr. 
would occur next. Upon hearing я saying the 
warning tone, S made her prediction by E dE. 
digit which she believed would be ые Ж. The 
The prediction was recorded manually ru. Tm 
stimulus digit was then presented 2 sec. à des 
onset of the warning tone. The Ss were AS cor. 
to respond to the stimulus by pres PE | 
responding key as fast as possible while gt P esent 
accuracy. The response terminated she Peart A 
tion of the stimulus and then initiated де че was 
the next trial after a 2-sec. delay. rds 
required to make her prediction of the Cm 
of the next stimulus after the onset of the 3 
tone and before the stimulus was presente A con: 
first 10 trials in the 130-trial sequence SIS Й 
sidered warm-up trials and were not ACH ap- 
Over the last 120 tri in each “sequence 
propriate stimulus ratios were maintained. 


Results and Discussion 


oi ach S con- 
In each frequency condition а ac- 

tributed 240 observations Reo Ma 

cording to the presentation probabi T 


RTs 


Son Hl "he an 
S's prediction probability. The mean ^ 


the 
à ; ition an 

in each experimental condition E each 
relative proportion of V RN a рге” | 
cell are presented in Table 1. di- 


sented RTs are the means of the ШОЛ | 
vidual S median RTs in each condit | 
The proportion of errors for each [regne in 
condition and stimulus are also show 
Table 1. зх 4 
The RTs were analyzed by a 3 X tim 
analysis of variance with presented i coi” 
lus, predicted stimulus, and frequency, е 
dition as factors. The main effect 9! 74. 
quency condition was not significant sti 
nor was the Frequency X Predicte „guent 
lus interaction, F < 1, but the Кел ig 
X Presented Stimulus interaction " 
nificant, F (6, 66) = 7.45, p € ei vat 
nificant contributions to the Wer 
ance were also produced by the а 94.211 
presented stimulus, F (2, 22) “(Qh 2) 
P < .001; predicted stimulus, А 1 E | 
= 10:03, pa .01; and their inte w d 
F (4, 44) = 57.06, p < .001. qu I 
Inspection of the pattern ol 
Table 1 reveals the nature of the 
main effects and their interactions 
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TABLE 1 


MEAN REACTION TIME 


AND SrANDARD ERRORS (IN MSEC.), PROPOR Y 

N 9E TION OF OBSERVATIONS, AND 
АЗ A FUNCTION OF STIMULUS RATIO, STIMULUS PRESENTED, RR OT 
AND STIMULUS PREDICTED IN EXPERIMENT [I : 


Experimental cond. and stimulus presented 
Performance Stimulus 
measure predicted H 
2:1:1 1:1:1 1:1:2 lu 
A B Br) AE oU Bi B: Ket BI Bi A Bi В, 
Reaction tim 3525 5 
es A 421 507 496 | 425 503 506 | 420 502 494 | 452 527 48 

(9 (5 (16) | 05 (28) (30) | (1) (4) (14) | (25) G3 (29) 

Bi 525 419 522 | 515 421 507 | 575 402 491 | 626. 442 482 
(18) (43 (23) | Q9) (25) (27) | Q3 (11) (5| 49 G2 (33) 

Bs 530 532 408 | 560 514 418 | 563 517 408 | 603 540 400 
45) 002) (09) Q8) (27) QG0| QD (14) (1)| G8 (42) Q3 

Overall | 489 487 473 | 312 479 473 | 532 480 458 | 578 515 429 
estan median | (15) (19 (15) | (27) (25) (27)| (20) (15) (11) | G9 (40 (25) 
d ortion of A .188 .092 .099 |.110 .106 .096 |.061 .062 .140 |.037 .037 .129 
bservations Bi .134 .080 . 1101 .098 .109 |.065 .079 .151 |.026 .041 .166 

В» .160 .070 7103 .126 .123 |.102 .107 .202 |.078 .085 .365 

Sum |.482 .242 "314 .330 .328 |.228 .248 .493 | .141 .163  .660 

Errors |.018 .008 0019 .003 .005 |.022 .002 .007 .026 .004 .007 

~ 


Note, —s 5 
Ote.—Standard errors in parentheses. 


e Hinrichs and Krainz (1970) study, 
E is a clear separation between RTs to 
siroty and incorrectly predicted stimuli 
Eon conditions. Furthermore, consistent 
me ithe Hinrichs and Krainz results, in 
eis i and 1:1:1 conditions there is 
ae difference among RTs to stimuli 
uy predicted and among RTs to 
the En ectly predicted stimuli, regardless of 
ee der stimulus predicted or pre- 
(ine - However, as the discrepancy be- 
as Pin the presentation frequency increases, 
t WM Cond. 1: 1:2 and 1: 1:4, the nature of 
en eee and the stimulus presenta- 
9n influences the observed RT. In the 
even condition (and to a lesser extent 
qM the 1:1:1 condition), RTs are 
sit Ver to the incorrect prediction of the 
lgle stimulus (associated with Response 
t дай to the incorrect prediction. of 
Dre er of the other two, more frequently 
Ee stimuli (associated with Re- 
e nse B). In the 1:1:4 condition this 
do is even more marked, so that RTs 
the less frequent of the paired stimuli 
T are slower than to the more frequent 
mulus (Bs). 

ea systematic change use 

and n^ differences in the frequency 0 
2 stimuli suggests the presence of 


in RTs with in- 
Bi 
a 


response bias effect. Evidence for a re- 
sponse bias is especially clear when S's 
predictions are disregarded as in the over- 
allmedians presented in Table 1. Although 
the presented frequency differences are not 
so large, the pattern of results is very 
similar to those reported by LaBerge, 
Legrand, and Hobbie (1969) across stimu- 
lus frequency variation (cf. data in Table 1 
with Fig. 1 in LaBerge et al.). 

Both the present results and the La- 
Berge et al. (1969) results are potentially 
contaminated by the use of a within-S 
design. Because all Ss participate in all 
conditions, there exists the possibility of 
of biases or influences from 
other conditions in the experiment. There- 
fore, it was considered prudent to replicate 
the present study using à between-S design. 


“carry over" 


EXPERIMENT П 


Method 


e second experiment were the 
same as in the first experiment except that 12 dif- 
ferent Ss were employed in each condition. Three 
Ss, 2 in the 1:1:4 condition and 1 in the 1:1:2 
produced data with no observations in 
allow statistical analysis they were 


The details of th 


condition, 
some cells; to 
replaced. 
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TABLE 2 


d v {р STAN S * MSEC.), PROPORTION OF OB: 
AN REACTION TIMES AND STANDARD ERRORS (IN MSEC.), R Ко 
Me Rate as A FUNCTION ОЕ STIMULUS Ratio, StiMULUS PRESE 
AND STIMULUS PREDICTED IN EXPERIMENT II 


RVATIONS, AND ERROR 


Experimental cond. and stimulus presented $ 
Performance | Stimulus E —— n 
measure predicted 2:1: zn ini iat 9 
АСЕЕВ: А Bi Bs A Ba В: А 
5530005 507) S78 5 471 578 519 
action times | А 491 583 584 | 464 553 548 | 507 578 567 1 18) 
Sos i (30) (36) (32) | (18) (13) (16) | (27) (30) (25) | (15 (13) ( 

^ E. 2 542 

Bı | 586 495 607 | 589 471 557 | 635 501 565 е0 482 718) 

(32) (27) (35) | (15) (16) (20) | (33 (28) (34) | (21) Q2 
595 555 5 5 | 599 603 436 
В. | 576 616 493 | 595 555 441 | 624 573 485 | 5 17) 
Д (29) (36 (29) | (14) (17) (15) | Q3) (36) (31) | (17) QD ‹ 

4 

5 5 5519 5 5 5 5 Bi Synge 

Overall | 539 565 560 | 551 526 511 596 554° 530 | 58. 17) 

median (30 (34) (29) | (14) (11) (15)| Q9) (32) (33) | (15) Ge pi 

Proportion of A 217 .119 .122 |.108 .114 .108 1061  .061 „132 034 no 103 
observations | Bı |.130 .058 .049 | (099 104 1104 | 1063 068 154 030 027 M 
В. 1140 .066 .071 |.100 .107 .106 |.104 .116 203 |.093 . EE 

Sum |.487 .243 .232 |.307 325 .318 |.228 245 489 | 157 an 05 
Errors |.013 .007 .018 |.026 008 .015 |. 022 ‘oos 011 | 010 .002 a 


Note.—Standard errors in parentheses, 


Results and Discussion 


The data were analyzed in the same 
manner as in Exp. | and the comparable 
items of interest are presented in Table 2. 
A3X3xX4x2 analysis of variance was 
used to analyze the data; the additional 
factor not included in the analysis of Exp. I 
was the effect of the two stimulus lists. The 
effect of stimulus list was a significant source 
of variance, F (1, 44) — 21.78, p< .001, 
indicating a significant reduction in mean 
RTs in the second list, but it did not 
interact significantly with any other factor, 
Otherwise, the statistical results of Exp, II 
exactly paralleled the results of Exp: I. 
The main effects of presented and pre. 
dicted stimuli were significant, F (2, 88) 
= 31.88, p< 001, and F (2, 88) = 14.26, 
b < .001, and their interaction, F (4, 176) 
= 14123, р < .001; 


; as was the Frequency 
X Presented Stimulus interaction, J^ (6, 88) 


= 8.65, р < .001. Furthermore, compari- 
son of Table 1 and Table 2 reveals generally 
similar patterns of results. 

GENERAL DISCUSSION 


In general, the present 


results do not con- 
tradict any of the prev: 


tous results cited earlier, 


That is, with lower frequency айе 
among the stimuli, only stimulus bias ef S E 
are found. Consistent with the previous н 
plication of the verbal prediction proce 
in the three-stimulus, two-response parade 
there is little or no advantage in anticipate 
a stimulus with the same response as the a ). 
ulus presented (Hinrichs & Krainz, 19 ne 
However, when response probabilities Deed 
more discrepant, a response bias did occur he 
the present study in the same sense as i^ a 
LaBerge, Legrand, and Hobbie (1969) ee 
That is, averaging over S's predictions, е 
responses to the stimulus (By) with the S EE 
Tesponse as the high-probability stimulus A) 
Were executed faster than to the stimulus te 
with the same probability as B, but азаа 
with a different response. Nevertheless on 
in the most discrepant frequency con Berge 
(1:1:4) when a response bias in the La re 15 
€t al. (1969) sense is clearly evident, the ring 
still no prediction advantage for stimuli sha 
the same response. „р DI 
Hence, something of a paradox exists: л. 
Опе reasonable index (differences in mea? fof 
across frequency levels), evidence is dure 
both stimulus and response biases 1 md on 
RT; but by another criterion (dependia ii): 
separation by verbal anticipations of sur reta 
only a stimulus bias is found. One interP 


| 
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tion which has been suggested (Hawkins et al., 
1970) attributes the response bias factor to 
inclusion of (unobservable) erroneous fast re- 
Sponses to the stimulus associated with the 
high-probability response. Although this effect 
may play a role, it would also appear to predict 
that anticipation of the stimulus associated 
With the presented stimulus (e.g. predicting 
B when B; is presented) would produce faster 
RTs than predicting the stimulus associated 
With the other response (e.g. predicting A 
When B; is presented). This prediction is not 
Supported by the present data. 

The obtained results for correctly anticipated 
stimuli are generally consistent with a stimulus 
las effect, with little response bias even in the 
Most extreme frequency condition. In other 
Words, the Bj RTs are closer in value to the 

RTs than to the Be RTs. However, the 
Tésponse bias is most obvious in the incorrectly 
anticipated cases where the Bi responses, al- 

Ough consistently slower than the Be re- 
SPonses are closer to the By RTs than to the 
m RTs. Therefore, it may be the case as noted 
poner studies (e.g., Bernstein & Reese, 
da у; Hinrichs & Craft, 1971), that probability 
MAN and response biases occur only for in- 

rectly anticipated stimuli. 
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PREDICTION PROBABILITY AS A DETERMINER OF ANTICIPATORY 
AND PREPARATORY ELECTRODERMAL BEHAVIOR 


WILLIAM W. GRINGS? anp HARRIET I. SUKONECK 


University of Southern California 


Four electrodermal responses durin 
as a function of the 
(a shock). 


bility of shock increased. 
creased. Parallel results we 
tainty" was employed. 


In paired stimulation situations, like 
classical conditioning and reaction time 
tasks with a warning signal, characteristic 
autonomic reactions are elicited by the first 
stimulus and determine responses to the 
second stimulus. Such responses are likely 
to be labeled conditioned responses (CRs) 
in the conditioning context, and they are 
assumed to prepare the organism for the 
receipt of the second stimulus in the reac- 
tion time task. Experimental research 
employing the GSR has examined the 
topography of the response in such situa- 
tions and has identified a number of re- 
sponse components which become evident 


when the interstimulus interval (ISI) ex- 
ceeds the shortest latencies 


With ISIs of 5 sec. o 
ables are commonly id 
is a response followin 
of the signal stimulus. 
a combination of orie 
tory behavior. 


of the response. 
г longer, four vari- 
entified. The first 
g closely the onset 
It Probably reflects 
nting and 
1 The second respon. 
in a restricted time interval just prior to 
receipt of the second stimulus and is 
assumed to reflect anticipatory preparation 
for receipt of that stimulus. The third is 
the response to the second stimulus, It is 
influenced by the Preparatory state of the 


anticipa- 
ве occurs 


1 This research was supported in 
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g discrimination conditioning were observed 
probability that the CS would be followed by the UCS 
The responses were those immediately following CS, just prior 
to UCS onset, following UCS onset (UCR3), 
of the UCS.  Probabilities of UCS following 
100%. The responses just prior to UCS onset, termed 
(or ARs), and the UCS omission responses increased ir 


or occurring with omission 
CS were 0%, 25%, 75%, and 
anticipatory responses 
n magnitude as proba- 


UCR magnitudes decreased as probability in- 
re obtained when a measure of subjective ''cer- 


individual and is predicted to be епа 
magnitude when the organism 18 рер 
than when he is not prepared. The DU 
response is measured at the point in ilus 
where the response to the second stimu ice 
would occur but is observed in the abser 75, 
of the second stimulus, (e.g, Grins 
Lockhart, & Dameron, 1962). 
Various terminologies have been ses. 
ployed to designate the four respon 58 
One of the first investigations to conten 
the four (Stewart, Winokur, Stern, M. 
Pfeiffer, & Hornung, 1959) termed the an 
àn orienting response (OR), the secon che 
anticipatory response (AR), the third the 
unconditioned response (UCR), and inc- 
fourth the response to UCS during exti А 
tion (i.e., the response to the omitted "by 
Another terminology, recommende sin 
Lockhart (1966) identifies the response, o. 
the order named above as (a) CS е (d) 
(b) pre-UCS response, (c) UCR, ап terial 
UCS-omission response. In the ma olo* 
which follows both of the above теп 
gies will be used, with the designa 
being OR, AR, UCR, and UCS-omi 


response. 


em- 


that th? 


The present research assumes re 


relative magnitudes of the different ^ 
sponses will reflect the informatio? с 
veyed by the first stimulus (signal jous 
about the second stimulus (usually no ict 
to follow. Differences in ability to Pons 
the occurrence and properties of the “ orties 
stimulus, as well as the actual proP 
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ANTICIPATORY GSRs AND SHOCK PROBABILITY 


of that stimulus, are assumed to produce 
Characteristic patterns of response. ln 
= to evaluate the above assumptions, 
Eie. present experiment manipulated pre- 
VON probability, or the likelihood that 
е second stimulus would follow the first 
Medus. Four distinctive first stimuli 
it i each followed by a different probabil- 
ia a appearance of a second (electric 
d ck) stimulus, and the various electro- 

ermal responses were measured. 
is One definition of prediction probability 
me (ems of the physical proportion of 
ung trials on which the particular cue 
E ulus is followed by the shock. Four 
eo of such physical probability are 
NS The second definition 1s in terms of 
uve statements by S of his expec- 
HE about receipt of shock on a раг- 
the ar trial. A third definition refers to 
зе]; subjective judgment of confidence or 
lef S has in his statement of subjective 
Probability. The general prediction is that 
Cs first two electrodermal responses (the 
B o ponse, or OR; and the pre-UCS re- 
With e or AR) will increase in amplitude 
also training and with probability, as will 
азау the UCS-omission response (which is 
or Use to bea CR). The third response 
nitud CR) is predicted to decrease т mag- 
€ with training and with probability. 


METHOD 


sty Лей ће Ss were 32 male undergraduate 
credie who participated in the experiment for 
Prim, in their introductory psychology course. 
E ary comparisons were made within Ss. : 
о Pbaratus and materials.— There were four CSs 
(req Cd by combinations of two dimensions, color 
Neon Ine) and shape (horizontally arranged dots 
Sta Ttically arranged dots), projected by a Grason- 
Tes, a multistimulus projector „(Model E4580-3) 
shocks on a table in front of S. The UCS wasa DC 
бо from a Grass Model 5 stimulator administered 
tire © Volar surface of the right arm through 1.7-cm. 


теша 

Con аг electrodes (spaced 2.5 cm. from center to 

ten е s (spaced 2. o 

in fer). The CS duration of 10 sec. CS-UCS 
of .5 sec. 


гра of 10 sec, and UCS duration 
Dr peed by Hunter timers. A Gerbrands 
та ammer controlled the intertrial intervals syste- 
The aly varied among 30, 35, 49, and 45 sec. 
cure controlled manually whether or not а shock 
h ed on a particular trial. 

€ shock (UCS) schedules (propor 


trials tion of shock 
5) for the various CSs were .00, 


1252 4151 and 
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1.00. Assignment of the shape-color properties 
to the probabilities was rotated through the use of 
four subgroups of Ss. Four different trial orders of 
stimulus-probability presentations were used. Order 
was random in blocks of 16 such that for each 16 
trials each of the 4 stimuli appeared four times in 
random order. There were 80 training trials in all. 
After the forty-eighth trial, half of the Ss were given 
explicit instructions about the stimulus probability 
relationships to facilitate accurate discrimination. 
The other Ss were not instructed but had their 
electrodes checked by E at this point. 

The GSR, recorded on a Beckman Type R Dyno- 
graph, was obtained as a DC resistance change 
through 1.27 X 1.59 cm. silver electrodes coated 
with electrode paste and taped to the first and 
third fingers of 5's left hand. The input circuit was 
a modified (Darrow) Wheatstone bridge with cur- 
rent of 45ga. 

The Ss indicated their guesses of probability of 
shock by pressing one of five levers, labeled 0, 25, 
50, 75, and 100, which were mounted in a small box 
on the table. Another small box contained four 
buttons labeled ABSOLUTELY UNSURE, RELATIVELY 
UNSURE, RELATIVELY SURE, and ABSOLUTELY SURE, 
which S operated to indicate how certain he felt of 
his prediction about the probability of shock. 

Procedure—Each S was told that he would be 
shown various combinations of color and form fol- 
lowed sometimes by shock but not always, and that 
his task would be ‘о learn to report the probability 
that a stimulus signals shock to follow." The GSR 
was explained to him, electrodes were attached, and 
he was shown how to indicate his probability esti- 
mate by pushing one of the five levers and his 
confidence that his guess was correct by pushing one 
of the four other buttons. He was told to push the 
button immediately after pushing one of the levers 
and to make his lever response as soon as the light 
stimulus was presented. 

After these preliminary instructions а shock 
work-up procedure was carried out to determine the 
intensity of UCS for each S. Then the elements of 
the CSs (two shapes and two colors) were pre- 
sented once in random order before E returned to the 
adjacent room and began the training trials. At 
the conclusion of the 80 training trials, a written 
questionnaire was completed by S in conjunction 
with receipt of one presentation of the four CSs. 
This provided a final indication of S’s guess about 
the probability of shock following each CS, a rating 


of how uncomfortable the shock was for each CS, 


and a statement of how many times .S believed he 
was shocked for each CS. 


RESULTS 


Four electrodermal magnitudes were de- 
termined: the maximum change between 1 
and 3.5 sec. after signal onset; the maxi- 
mum change between 3.5 and 10.5 sec. 
after signal onset; the maximum change 


25 50 75 100 
PROBABILITY 


Fic. 1. Magnitude of various responses as a 
function of stimulus probabilities. 


between 1 and 6 sec. after shock (UCS) 
onset; and the maximum change between 
1 and 6 sec. after the point of UCS onset, 
but occurring on trials where shock was 
omitted. For convenience the responses 
will be labeled OR, AR, UCR, and UCS- 
omission response, in the order named. All 
magnitudes are expressed as the square root 
of the change in conductance in micromhos. 

Since UCRs are available only on trials 
where shock is administered and UCS- 
omission responses occur only when shock 
is omitted, certain preliminary decisions 
were necessary in selecting comparison 
trials. For estimation of magnitude trends 
in ORs, ARs, and UCRs, a representative 
trial for each CS in each block of 16 trials 
was chosen as follows. The trial used for 
the 25% stimulus was the one out of 4 on 
npn shock was presented. Then for the 
75% and 100% stimuli, the corresponding 


10 
9 
GSR 8 
Nac 
7 
1 L E 4 
9 25 50 75 
PROBABILITY 
Fic. 2. The UCS- 


omission response magnitude 


for different stimulus probabilities, 
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trial in terms of trial number was used. Y 
was found that this procedure did not уе 
ORs or ARs significantly different from 
those based on the average of four response 
to each stimulus for each trial block ob 
trials. A similar procedure was used A 
evaluating the UCS-omission response. — Т 
this case the criterion trial was determine 
by the 1 nonshocked trial in the 75% grop 
For comparisons involving UCRs me < 
probability stimulus was omitted, an K 
comparisons involving UCB-omüe огы 
sponses the 100% stimulus was omitte je 
A Trials X Probability analysis of vat 
ance was done, for each of the response 
over the first four trial blocks (the репо 
before instruction variation was IN 
duced). For the OR, only the probabi ү, 
effect was significant, F (2, 341) = 25 x 
р < .01, with responses increasing n D 
nitude as probability increased. For id 
AR, the probability effect was also SR 
nificant, F (2, 341) = 7.70, with response 
increasing in magnitude as a function a 
increasing probability. For the UCR, E 
sponses decreased significantly as e 
ability increased, F (2, 341) = 9.67, P 
the Probability X Trials interaction bo 
also significant, F (6, 341) = 3.67, P 2 CR 
With the 25% and 75% stimuli, the US } 
increased in magnitude over trials and bis. 
the 100% stimulus it decreased. The pi 
all effect of probability upon the first inis. 
responses (OR, AR, and UCR) is show E 
Fig. 1. The effect of probability on fie 
UCS-omission rseponse was also p 
cant, F (2, 341) = 6.23, р < .01. TS 
data are shown in Fig. 2. To cma sn 1 
effect of instructions introduced to һа e 
the Ss after the fourth trial о yes 
an E 
made for each response. For the OR, ther 
he 
structions or probability. For the AR M 
effect of instructions was significé in 
F (1, 30) 2.5.37, p< .05, with the 
structed group having higher response "the 
nitudes than the uninstructed group- б 
overall probability effect for the Al vit 
significant F (2, 60) = 3.41, р < .0» Y 
response magnitudes increasing аз & 
tion of increasing probabilities; and 
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= 100 
=! 
x 
ys 
о 
& 
ad 50 
> 
5 
o 25 
ЕЯ 
@ 
5 
en [9] 
TRIALS 
Fic. 3. Growth over trials of averag 


25% (broken lines, ~-~. 


Y : 

m significant overall increase in AR 

- 13 Linse trial blocks, 7 (1, 30) 

еи There was also а significant In- 

(1 ion X Trials interaction for the AR, 
, 30) = 5.24, p < .05. For the UCR, 


Only E ias 
F б the probability effect was significant, 
2,60) = 12.41, with response magnitude 


‚ increased. The 


dec. 
yielded a signifi- 


Teasing as probability 
ant "omission response y 
L кие, effect, R (2, 60) = 6.69, 
teracti , and an Instruction X Trials in- 
fee (1,30) = 4.43, р < .05: .. 
ороме probability and certainty 
Raton. are difficult to assess for several 
Dle - Itis not possible to separate com- 
bili from objective proba- 
le apidly to predict 
šti ted with each 
3, the 
arned 


ey subjective 
pe Ss learned very ra] 
“Umut Ша! probability associated \ 
250, 548 As сап be seen from Fig. 
Ш fee 100% probabilities were lea 
‘i irst trial block. The certainty judg- 
value was also closely related to trials. 


Mer 
ainty value over 


I 
tex 
al үре, the mean cert 
In Obabilities on Trial 1 was 2.1 (2 stand- 
Or RELATIVELY UNSURE). By the 
E presentation of each stimulus this 
hag | Certainty value over all probabilities 
try, Advanced to 3.2 (with 3 indicating 
Ne i "IVELy suRE). By the sixteenth pre- 

be чой of each stimulus the mean ha 
taie 3.7. The course of development of 
“an а nty for the 25% and 100% stimuli 

To E be seen in Fig. 3. 
ар the prediction th 
Br ater. to the shock would decr 
г certainty of subjective ju 


four 


at magnitude of 
ease with 
dgment 


) and the 100% (solid lines, 
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CERTAINTY 


15 


5 10 
TRIALS 


e subjective probability and certainty ratings for the 


) stimuli. 


within a given objective probability class, 
Ss were segregated into three "certainty" 
groups, formed on the basis of prediction 
responses during the last four trials on the 
100% stimulus prior to instruction manipu- 
lation. The first group, labeled CERTAIN, 
met the criterion of giving both correct 
subjective probability estimates and ratings 
of ABSOLUTELY SURE on all four trials. 
The other extreme, or UNCERTAIN group, 
d of Ss who on all four trials dis- 
an incorrect probability pre- 
ainty value below that of 
The remaining Ss were 


consiste! 
played either 
diction or a cert 
ABSOLUTELY SURE. 
in an intermediate group. 

Using the two extreme groups of CERTAIN 
and UNCERTAIN Ss, the mean magnitude of 
response to the shock was computed for the 
four trials. For the CERTAIN group the 
mean was 1.32 micromhos; and for the 
UNCERTAIN group the mean was 1.98 micro- 
When this difference was evaluated 
hitney U-test, the difference 
at the .01 level. This com- 
parison suggests that the ability to predict 
with assuredness the occurrence of the 
shock (within a given physical probability 
category) is related to the magnitude of 
response elicited by the shock. 


mhos. 
by a Mann-WI 
was significant 


DISCUSSION 


Given the facts of an increase in AR mag- 
nitudes and a decrease in UCR magnitude 
in prediction probability, it 


with increases 
becomes necessary to explain the basis for the 
relations. Probably the simplest explanation 
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is that higher probability of shock leads to 
the learning of a higher expectation of being 
shocked, the higher expectation of shock leads 
to various forms of anticipatory behavior (e.g., 
larger ARs), and this somehow produces a 
lower response to the UCS. 

The above interpretation raises the question 
of how the AR relates to (or perhaps deter- 
mines) the UCR magnitude. Two classes of 
explanation exist. One is that the AR repre- 
sents the crucial response which is sensitive to 
the independent variation and that the re- 
duced magnitude of the UCR is a biproduct of 
the AR. There is some experimental evidence, 
for example, to show that in a nonlearning 
paired-stimulation situation, the response to a 
standard second stimulus is a function of the 
amplitude of response to the first stimulus at 
the time of onset of the second stimulus 
(Grings & Schell, 1969). 

The second type of explanation is that both 
the increased AR and the decreased UCR rep- 
resent some common process, i.e., some form of 
general learned behavior. The authors have 
favored the interpretation that the AR and 
UCR changes represent a common process of 
preparation for the receipt of the second stim- 
ulus (Grings, 1969). Others have suggested 
that the process is one of conditioned inhibition 
(Kimble & Ost, 1961; Kimmel, 1966). One 
further interpretation (Lykken, 1962, 1968) 
assumed the operation of an inhibitory-facili- 
tory mechanism set up by the CS in a process 
termed ‘‘preception.” 

, The differences among the various explana- 
tions will not be reviewed here, Instead, the 
assumptions stated earlier in this article will 
ss follows, Te sie d light of the data, 
in significance ©: the ir te to differ 
plest level they differ in intensity) aN VOR 
poral arrangements are optimal erc UN 

8 А Weak stim- 
ulus, or CS, preceding the more significant 
stimulus, or UCS), the weak Stimulus becomes 
a signal in the sense of informing the organism 
of the approaching occurrence of the UCS 
The CS comes to elicit an interpretive or bes 
ceptual reaction, one feature of Which is to 
produce responses of anticipation or prepara- 
tion for receipt ofthe UCS. When the UCS is 
noxious, it is reasonable to assume that the 
preparatory reaction serves to control or mod- 
ulate the arousal effects of the UCS, 

Placed in De ive context, the 
as a response that is firs eflecti М 
Шеше te s Sh first a reflection of 5 

ү оо ЗЕН differences attribut- 
able to intrinsic significance of the stimuli, If 


OR is seen 
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the CS is followed immediately by the othet 
stimulus (i.e., the UCS), the OR hip 
more slowly with repeated presentation os = 
it retains less ог no signal significance. ( bed 
form of differential habituation could be feck 
fested as differential OR responding to a C 19 
and a CS —, а phenomenon designated A 
some as conditioned ORs). The UCS е x 
same context is seen as strong enough toe 10 
a defensive reaction. Тһе terms оне 
reaction and defensive reaction аге 4m 
basically in the same sense as propose 
Sokolov (1963). . 
COE it p assumed that the AR eee 
anticipatory and adaptive response resu ste 
from S's perception of the signal chere E is 
(meaning or information) of the CS. t 
assumed that an AR preceding аатор A 
ulus may effectively reduce the disequili SEE 
produced by that stimulus (although u oa 
some circumstances it might have an OPES E 
effect). In a general discussion of these Р 66) 
lems some time ago, Berlyne (1960, Р. cedes 
suggested that a signal stimulus which pre ilow- 
an event with high arousal value has the fo 

ing beneficial features: 

event 


(1) Arousal increases before the heralded, m for 


(2) Arousal increases gradually ratl 
sharply, thus minimizing the disturbance ssari 
equilibrium. (3) Arousal does not rise annesi thus 
high once the anticipated event has appear. rousa 
minimizing wear and tear and upheaval. (4) E 
falls to a normal or optimal level as soon as th 
in arousal has performed its function. he 
The emphasis in all of the above is UP" | 
information which the CS provides 
UCS, and upon the perceptual | forma” 
elicited by the CS. Major classes of i" горе! 
tion being processed by 5 include the ER f 
ties of the UCS and its likelihood (or certain ya 
of occurrence. The latter variable, whic” pe 
manipulated in this experiment, ne erent 
designated as "event" certainty ош i 
ate it from other forms, like "time ce c 
(based on predictability by S of time 9 tainty 


rence of the UCS) and “quality” CENE 


à T A q ai 
(Dased on predictability of stimulus. have 
and intensity), Such prediction Matis con 
been shown to be important in re ck5 


texts where strong stimuli, like electric i and 
are administered with warning 81818 adit 
autonomic responses are observed CAN & 
McBane, Suter, & Lewis, 1966; Eps ron 


uy 
Clark, 1970). The central conclusio" infor 


E 


3 HEP or 
the present data is that prediction 


! 


| 
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mational certainty variation is the underlying 
determiner for the results observed in Fig. 1 
and 2. 

Other considerations arise from the fact that 
the GSR wave in such situations is actually a 
Complex in which different response compo- 
nents can be identified. An early classification 
(Grings et al., 1962) used six different response 

forms” when a 5-ѕес. CS-UCS interval was 
Used. Attention to response topography has 
led to tendencies to ascribe behavior meaning 
to the various “humps” of the GSR wave (as 
has been done tentatively in the present paper). 
That leads to study of interrelations of magni- 
tude, amplitude, and frequency aspects of the 
Tesponse components and the assertion that 
Certain measures more effectively represent the 
paditioned behavior than do others (e.g. 

tokasy & Ebel, 1967). The evidence to date 
аүогѕ an interpretation that the AR is the 
wost sensitive to conditioning variation ; yet 
"umerous studies also report conditioning of 
pe OR. The present study was not designed 
" test these differences among component re- 
ке but rather to demonstrate а change in 
B al form of responding which could be as- 

med to reflect learned behavior. 

On the other hand, the research was designed 

0 eliminate nonlearning changes attributable 
a the independent variation, such as might 
mr with variation of CS intensity or inter- 

imulus interval (e.g. Grings & Schell, 1969). 
Which recognized that an independent variable 
an, > had the intrinsic capability of varying 

кесида of the OR or AR might alter the 
E Ponse complex in ways not interpretable as 
WES expectancy or preparatory behavior. 
cho Prevent this, conditioned stimuli were 
st Sen which had been previously demon- 
rated to elicit comparable orienting GSRs, 
Syst; as further precaution the stimuli were 

iip matically varied in assignment to prob- 
ird classes from .S to S. It was also as- 

med that there is nothing in the probability 
«e nipulation per se (i.e, independent of a 
rng process) that would lead to differences 
п response to the signal stimulus at the outset. 

d. 


at assumption seems to be justifie Е 
ine which 


t may still be of interest to determ 
the various response elements contributes 

* most information, or how one might define 
Me! response pattern to best reflect the 
ta, ning that is occurring. That is а difficult 
Sk which extends beyond the capability of 


Nevertheless, some ex- 


* present study. 
to eval- 


bl 
9ràtory analyses were undertaken 
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uate the degree of relation (or independence) 
among the three variables (OR, AR, and 
UCR). 

A first approach employed intercorrelations 
among the component responses. If the reduc- 
tion in magnitude of the UCR with higher 
levels of probability occurs only because of 
variation in the AR (and if there is some kind 
of total effector response capability), there 
should be a negative correlation between those 
two components. Such a correlation (— .54) 
has been shown to exist where the first of the 
two successive responses was purposively 
manipulated in a nonconditioning situation. 
On the other hand, when factors producing 
such peripheral response interference were 
minimized, the correlation was positive (+ .57) 
(Grings & Schell, 1969). The high positive 
correlation was assumed to be mediated by an 
underlying responsivity variable which would 
contribute to an interindividual correlation. 

In the present study several correlations be- 
tween UCRs and ARs were computed (single 
trials, averages of trials, within probability 
classes and across such classes, during early 
trial periods, and during later periods). The 
general results were low positive values. The 
largest positive value (.48) was obtained when 
optimum circumstances for maximizing re- 
liability were present (average of last four 
trials in the 100% probability situation). 
Correlations of ORs and UCRs centered about 
zero. Reliability estimates obtained from a 
correlation of UCRs ranged from .59 for ad- 
jacent single trials early in the learning period 
to .73 for averages of two adjacent trials during 
the fourth block of the 100% probability. 

Because of the small number of cases and 
trials for estimating the above correlations, 
similar computations were made on a related 
set of data (Grings & Schell, 1971) where 
each S had uniform stimulational experience 
for 30 CS-UCS trials. The correlation between 
AR and UCR (employing average responses 
over all trials) was significantly positive, 
r (58) = .33, p < .01. The correlation be- 
tween OR and UCR magnitudes was also 
significantly positive (.53) as was the correla- 
tion between OR and AR (.62). The partial 
correlation of AR and UCR with OR held 
constant was insignificant (= .003). Assum- 
ing the OR is a measure of general responsiv- 
ity, one may conclude that the correlation 
between AR and UCR is largely a result of 
differences in individual reactivity. 

Since the present experiment was run, addi- 


tional relevant data have become available. 
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Slubicka (1971) averaged OR, AR, and UCR 
amplitudes over a series of 16 reinforced trials, 
obtaining correlations of + .45 between ARs 
and UCRs; + .57 between ORs and UCRs; 
and + .55 between ORs and ARs. The par- 
tial correlation between AR and UCR ampli- 
tudes with OR amplitude held constant is 
+ .19 (not significant for N = 40). Of spe- 
cial interest in Slubicka’s results is the inclu- 
sion of frequency and latency variables. The 
highest correlations obtained were between AR 
frequency and AR onset latency (r = + .83) 
and between AR frequency and AR latency of 
peak response (r = + .79), suggesting that the 
more that ARs occur the later are their onsets 
and peaks. Further, the only significant nega- 
tive correlations obtained were between UCR 
frequency and AR amplitudes (r — — .73) and 
between UCR frequency and AR peak latency 
(r — — .52). Thus the presence of late ARs 
may be seen to reduce the frequency of UCRs. 
The largest correlations with UCR amplitude 
was the previously mentioned value of + .57 
with OR amplitude, suggesting the presence of 
an underlying individual responsivity factor. 

Intercorrelations like the above illustrate 
again the fact that many variables are involved 
in the definition of a conditioned electrodermal 
response, particularly the existence of an in- 
dividual difference reactivity level factor, the 
relevance of latency criteria in defining fre- 
quency measures, and the possible differences 


between amplitude and magnitude measure- ' 


ment. Approaches other than those mentioned 
above probably merit scrutiny, For example, 
the method of multiple correlation and step- 
wise regression may be helpful. 
Other evaluations from the Present study 
may be made from subsamples of data.’ 
When faced with the above problems of esti- 
mating UCR magnitudes which are indepen- 
dent of anticipatory responses in a situation 
similar to the present one (eyeblink condi- 
tioning), Kimble and Ost (1961) based their 
conclusions about UCR changes on 
where an AR did not occur. 
procedure presented methodological difficulties 
(which the authors discuss), Kimble and Ost 
judged it to be adequate, and UCR iminution 
was observed to occur on the selected trials 
In the present study, such a comparison is unc 
feasible because of the high frequency of ARs. 
For example, on the most relevant trial block 
nstruction 


(the acquisition block just before i 
the 32 Ss 


trials 
Even though that 


variation was introduced) only 5 of 


3 Тһе authors are gratefu 


d 1 l to Anne M, Sch 
assistance with this analysis, апе 
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failed to give ARs on the 25% trial which re- 
ceived a UCS. Of these, only 2 failed to give 
an AR on the corresponding 100% trial. D 
thus becomes impractical to examine the ue 
changes as a function of probability in t T 
absence of ARs. The closest one can сощ t 
estimating the effect of AR on UCR by Sse сся 
tion is to restrict observation to the Det 
stimulus (where there are four trials per bloc 4 
then to use the last two acquisition blocks an | 
locate a sample of Ss having at least one Pe. 
withoutan AR. There were 14 such Ss. Wher 
the UCRs on the trial without the AR are со 
pared with the UCRs on the adjacent tria 
having an AR the mean difference is .072, an 
t (13) = .55. 

M the 100% UCRs and the 25% UCRs ^d 
these 14 Ss are examined, the difference E 
tween the mean values over Ss, while in ше 
same direction as for the total sample, is 13) 
significant, mean difference = .168, t ( 4 
= 1.68. However, the mean difference ace 
pares well with the mean difference over al " 
(.220), and the error term is such that if PS 
number of Ss in the subsample had been y 
large as that in the total group, the value " 
.168 would have been significant. Thus, = 
seems reasonable to conclude that these 14 д 
are not systematically different from the а 
18 Ss with respect to the effect of shock pro 
ability on UCR magnitude. 
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ADDED CUE CONTROL AS A FUNCTION OF 
REINFORCEMENT PREDICTABILITY ! 


JEROME M. FELDMAN? 
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Two experiments w 
lever for food pelle 
novel stimulus was 
either all of the ti 
probability of reini 
at the pretraining 


Following compound training, 
sented individually in a test fi 


of reinforcement than 


Response tendencies which 
components of a simult 
compound are not always 
One component m 
behavior than 


accrue to 
aneous stimulus 
equal in strength. 
ay gain more control over 
other Components, even 
though all receive equal reinforcement ex- 
periences. One of the earliest accounts of 
this phenomenon was made by Pavloy 
(1927) during his studies of salivary re- 
Sponse conditioning. Payloy reported that 


conditioned stimuli which were relatively 


intense, or which acted on often used sen- 
Sory receptors, came to control behavior to 
а greater extent than other stimuli making 
up the compound. He labeled this effect 
“overshadowing.” 

Contemporary interest in o 
has led to a modification of the original 
Pavlovian paradigm, paradigm, ini- 
tially demonstrated 1n research by І, hley 

) зу Lashley 
(1942), has since been 


vershadowing 


This 


2), h termed “blocking” 
by Kamin (1968). It has the advantage 
of not depending on the inherent 


Properties 
ог modality, 
cts. Rather, 


of stimuli, such as intensity 
to produce overshadowing effe. 


f ased on a dissertation submitt 
in partial fulfillme i з 


Tements for the 


sent to the 
» Drake Uni- 
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or stimulus control. 
only manipulations which altered the prob. 


onset of compound training or made the 


ere performed in which 88 rats were pretrained to pressa 
ts in the presence of an exteroceptive stimulus. Bu a 
simultaneously compounded with the pretraining stimu ne 
me (Exp. I) or some of the time (Exp. II). „In Exp. 1, E 
forcement in the presence of the compound either continue 


value or was changed. In Exp. II, the added stimulus was 
made a more reliable predictor of reinforce: 


ment than the pretraining stimulus. 


the components of the compound were pre- 


Results indicated that 
ability of reinforcement at the 
added cue a more reliable predictor 


the pretraining cue facilitated added cue control. 


the learning experiences an organism па 
previously had with stimuli making NEC 
compound determine which of those st ally, 
will gain control over behavior. T PS 
the blocking paradigm first calls for ulus 
crimination training along a single stim pr 
dimension. Later, a novel stimulus Ши 
sion is Simultaneously compounded dank 
the pretraining dimension as a redun ТЫБ 
Predictor of reinforcement. After E 
training, a test is given to assess ecd 
trol over behavior accrued by the indivi 
components of the compound. the 
The major result obtained from vee 
blocking paradigm has been that the Р! 


control over behavior (Bruner, Маң : 
Papanek, 1955 ; Johnson & Cumming; 
Kamin, 1968). се 
There have been at least three con lect 
accounts of blocking results. Se 


1 
tua 
p ive 
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attention theory (e.g., Mackintosh, 1965c; 
Sutherland, 1959) has proposed a two-stage 
process of discrimination learning whereby 
ап organism must first learn to “attend” to 
а relevant stimulus dimension and then 
attach appropriate response tendencies to 
the particular cues making up that dimen- 
Sion. "Thus, a stimulus dimension cannot 
gain control over behavior unless an orga- 
nism is first attending to that dimension. 
ince it is also assumed that the probability 
of attending to one dimension is inversely 
Proportional to the probability of attending 
to another, blocking results are predictable. 
retraining attention to one stimulus di- 
pension retards attending to, and hence 
€arning about, an added stimulus 
mension. 
A As an alternative to selective attention 
согу, Kamin (1968) has placed the bur- 
ED of accounting for stimulus selection 
“sults in general, and, blocking results in 
Particular, on an organism's experience 
Ro the unconditioned stimulus (UCS) 
ather than the conditioned stimulus (CS). 
„© Suggests that only when the UCS is 
urprising"' to an organism will an asso- 
lation between the UCS and CS be made. 
the the blocking paradigm, perception of 
ле added stimulus is assumed to be intact; 
mi the UCS which is. "degraded" at the 
B edi of compound training. The UCS A 
I red by the pretraining stimulus, an 
259 prevents added stimulus association 
бА ause presentation of the UCS is no 
Ber surprising. А 
JD third conceptualization has been | | 
аве ced by Wagner (1969). The principa 
Umption of his modified continuity 
ed is that increments in “signal value 
ngth” to any CS contained in a com- 
round are a function of the degree to which 
“inforcement is already predictable on 
Аў basis of the entire compound. Specifi- 
velar? the size of this increment 1s DEM 
ied to the amount of signal value 
ngth already accrued by the compou nd. 
n blocking, it is suggested that since the 
dos aining stimulus has reached asympto- 
Signal value strength prior to compound 
.'aining, little or no increments will be 


ac " 
“crued by the added stimulus. 


en ad- 
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Both selective attention theory and 
modified continuity theory always appear 
to predict some degree of stimulus selection 
in the blocking paradigm. However, 
Kamin (1968) has reported a study in 
which added stimulus control was observed. 
Using a conditioned suppression paradigm, 
it was noted that an increase in the inten- 
sity of the UCS (shock) at the onset of 
compound training, from that which oc- 
curred during pretraining, yielded added 
CS control equivalent to that of the pre- 
training CS. Kamin (1968) interpreted 
this finding by suggesting that the change 
in the UCS was a surprise to the organism 
and, thus, facilitated added CS association. 

It may be possible to extend this con- 
cept of UCS surprise into one which in- 
cludes reinforcement predictability as its 
major determinant. For example, consider 
a situation in which the magnitude or in- 
tensity of the reinforcing event does not 
change at the onset of compound training, 
but the probability of occurrence does. 
This may be considered a surprising event 
for the organism and, as such, should 
facilitate added stimulus control. 

While Kamin (1968) may predict that 
any change in reinforcement probability 
should facilitate added stimulus control, 
modified continuity theory and selective 
attention theory seem to account only for 
unidirectional effects. For modified con- 
tinuity theory, an increase in reinforce- 
ment probability, presumably raising the 
limit to which signal value strength can 
grow, is required. For selective attention 
theory, a decrease in the probability of 
reinforcement is required. This would 
possibly lead to some extinction of the 
pretraining dimension attention response 
and, thus, increase the likelihood of at- 
tending to the added dimension. 

If, as Kamin (1969) suggests, UCS sur- 
prise is a requirement for CS association, 
then the occurrence of an expected or pre- 
dicted UCS should not facilitate CS asso- 
ciation. It may be possible to modify the 
traditional blocking paradigm so that the 
added dimension in compound training is 
a more reliable predictor of reinforcement 
than the pretraining dimension, without 
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changing the overall surprise value of the 
UCS. If, as one might predict, added 
dimension control is facilitated, possibly 
as the expense of pretraining dimension 
control, then Kamin (1969) would not be 
able to account for such a finding. It 
should be noted that this experimental 
manipulation does not fit the traditional 
definition of "blocking paradigm" because 
CS redundancy would be absent during the 
compounding phase. However, it is clearly 
related to the blocking-experiment class 
of manipulations and could provide relevant 
information thereof, 

A design employing two experimental 
variables, change in reinforcement. proba- 
bility and level of added dimension relia- 
bility, could be used to assess conditions 
under which stimulus selection would occur 
in an appetative conditioning paradigm. 
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ERAL METHOD 
Subjects 


Eighty-eight experimentally naive 
female hooded rats (90-120 days old) from the 
University of New Mexico colony served as Ss for 
two experiments, АП Ss were housed in individual 
living cages and fed 12-gm. Purina Lab Blox daily. 
Throughout the experiments, all Ss were fed im- 
mediately after each training session. 


male and 


Apparatus 


k Training and testing were conducted i 
commercial, Sound-attenuated, 
Each chamber included 
foodwell, manipulandum 


n four non- 
Operant chambers, 
a houselight, cue light, 
» and pellet dis denser, A 
Hewlett-Packard Model 2008 audio йат. апа 
Speaker system Were used to Produce a 4,000-cps 
tone at 91 db. during the experiments, Blowers 
Aes » and produced д masking 
noie of 8 -0002 dynes/cm? for. 

chamber. ушн 


А 7-w. amber houselightYand 


were located 15.24 cm, above the 
chamber and 


chambers 
db. (re 


a white cue light 
grid floor of each 


5.08 cm. to the right and left of the 
foodwell, respectively. Intensities of :02 ftl. for 
the houselight and 


:30 ftl. for the hou: 
cue light were obtained 7.62 
pulanda, Electromech: 
trolled sequencing 


selight plus 
7 cm. above the mani- 
anical relay equipment con- 
and timing of stimuli. 


Procedure 


Preliminary ‘raining Т, 
assigned to one of four 
received training in th 
of the experiment. 


€ Ss were ran 
operant ch 
at chamber for 
On Days 1-4 of 


domly 
ambers and 
the duration 
training, Ss 
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were allowed to make 96 lever presses in homie 
of the houselight. Each response deliver 

5-gm. Noyes pellet. o ME 
Das 33. s signal (light, tone, or ie SENS 
taneous comound of light and tone) was DE iR A 
to occur successively through the cham Бе Е. 
total of 96 trials occurred in each cham eo d 
Day 5, the signal was presented for 30 po Se 
to increase the probability that a lever pe dices 
be made during that interval. The first ever ла 
made in the interval delivered a reinforcem ЕЕ 
terminated the signal. If no парова та m TS 
the signal terminated automatically at t PI eee 
interval. The average intertrial interval ERANT 
signal presentations was 35 sec. On Days л сй 
maximum signal presentation lengths ed expat 
10 sec., respectively. By Day 8, the ue d 
mental pretraining day, the maximum + 
presentation length was 6 sec. 


EXPERIMENT I 


as- 

Pretraining.—Thirty-two Ss жеге каде {Бе 
signed to four pretraining conditions. Нан of the 
Ss were pretrained to respond in the presen ; "Hal 
light and half in the presence of the EE ed 66 
of the Ss in each of these groups were ASSI Bey 
either a 100% or 25% reinforcement DR or 
subgroup. That is, either all of the waned made 
25% of the responses (randomly. determine re reine 
in the presence of the pretraining cue wets ith 
forced. Pretraining continued for 16 ime each 
96 possible trials, or cue presentations, give 
day. 

Chien training.—Sixteen days of Сос 
training, at 96 possible trials per day, ТАШПЫ 
pretraining. For all 55, the cue not presented cons 
pretraining (light or tone) was simultaneously P 
pounded with the pretraining cue as a redur Sich 
predictor of reinforcement. Half of the iit their 
of the four Pretraining groups maintainec com- 
pretraining reinforcement probability gurme raini 
pound training. The remaining Ss had mo 25% 
forcement probabilities either increased A 7 
to 100% ог decreased from 100% to x ore 
control for the effects of pretraining ехрег1ег experi- 
groups of four Ss each, without pura. „s with 
ence, received compound training for 16 Obability 
either a 100% or 25% reinforcement pro 
Schedule. 


Testing.—After 
enced 2 days 
made in the 


pound 


two 


xs experi 
compound training, all 59 Sonses 
of component testing. t were 
presence of the compone ected 
trials 


om 

^ sip ular СО 
Were interspersed randomly within nt БОТ testing 
pound training trials. On Days 1 and 2 presenta 


Results 


„ ^ ained 
A performance measure was op spon 
each S by recording the ratio 0 


made in the presence of a cue to the num- 
ber of cue presentations given each day. 
This ratio was then converted to a per- 
centage. Unless otherwise indicated, a .01 
two-tailed level of significance was em- 
Ployed to assess differences between groups. 
д Figure 1 (upper and lower panels) shows 
the mean percentage made in the presence 
of a cue, across blocks of days, during 
,  Pretraining, compound training, and test- 
ing. As indicated, during pretraining, 
&roups trained with a 100% reinforcement 
Probability performed better than groups 
г posed to a 25% reinforcement condition, 
| (1, 28) 2 14.6. However, the perform- 
1 


апсе of all groups improved substantially 
across blocks of pretraining days, F (7, 196) 
a 60.2. By the last pretraining block of 
Re 100% reinforcement groups were 
sponding at a higher asymptote than 
590 reinforcement groups, although this 
pi Terence was not as great as in previous 
ocks, F (7, 196) = 4.3. Performance dif- 
d ces for groups trained with the light 
t зе tone were minimal and not significant 
oughout pertraining. 
, Compound training performance, as in- 
lcated by Fig. 1, was similar to terminal 
гапе performance in that percentage 
EN AED: emitted continued to stay high 
Waa 80-90%). і However, groups which 
А ie ee with the light cue or under 
Brant % reinforcement condition made a 
ved percentage of Tesporisge to the com- 
Der: than tone or 2576. reinforcement 
p taining groups, F (7, 168) = 7.7; 
trai? 168) = 2.7, p < .05. Compound 
SORS performance did not vary às à 
dec of the particular added cue or 
is orcement probability that occurred 
Der ng compound training. Although the 
Ormance of pretrained groups did not 
ЫЎ across blocks of compound training 
ae Control group performance did. Per- 
D M responses increased with in- 
E es in compound training, 7 (7, 42) 
A the testing that followed compound 
ee all groups responded to the Bie 
of dn Cue presented alone about 80% 
dm time. Performance did not vary as à 
ton of particular cue or reinforcement 
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Fic. 1. Mean percentage of responses emitted 
during pretraining, compound training, and testing 
in blocks of 2 days. (Test score represent percentage 
of responses made in presence of added cue. Upper 
and lower panels indicate performance of groups 
exposed to 25% or 100% reinforcement probability 


schedules during compound training.) 


conditions experienced during training. 
Thus, Fig. 1 only shows added cue test data 
for all groups. In general, for pretrained 
groups, a greater percentage of responses 
was made to the pretraining cue than to the 
added cue, F (1, 24) = 49.6. However, 
the percentage of responses made to the 
added cue by pretraining groups was also 
a function of whether or not reinforcement 
probability changed at the onset of com- 
pound training. Groups which experienced 
a change made about the same percentage 
of responses as they did to the pretraining 
cue. Groups which did not experience a 
change made significantly fewer responses 
to the added cue (about 30%) than did 
groups with a change, P (1, 24) — 40.9. 
In addition, added cue test performance for 
pretrained groups with a change in rein- 
forcement did not differ from that of con- 
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"trol groups. Control Ss responded about 
8095-8595 of the time to cues making up 
the compound. Finally, the performance 
of pretrained groups with a change in rein- 
forcement could not be differentiated on 
the basis of whether the change was an 
increase or decrease in reinforcement proba- 
bility. Under both conditions, Ss responded 
about 80% of the time to the pretraining 
cue and to the added cue. 


EXPERIMENT II 


The results of Exp. I can be predicted 
from Kamin’s (1968) conceptualizations 
relating CS association and UCS surprise. 
An added cue gained control over behavior 
only when the presentation of the UCS was 
unexpected, that is, when there was a 
change in reinforcement probability at the 
onset of compound training. 

Experiment II was designed to assess 
conditions under which added cue control 
would be exhibited without the concom- 
mitant manipulation of UCS surprise. 
Specifically, the study attempted to ascer- 
tain whether or not making the added cue 
a more reliable predictor of reinforcement 
than the pretraining cue would also lead 
to added cue control over behavior. Al- 
though not a "true" blocking paradigm, 
because cue redundancy is not incorporated 
in the transfer stage of training, Exp. II 
does have many of the features of typical 
blocking studies and, as Such, may have 


relevance for the interpretation. of their 
results. 


Method. 


Pretraining.—Two 

г. groups of 12 Ss each we 
given 10 days of pretraining experience to respond in 
of a tone or light, respectively, Re- 
sponses in the presence of the pretraining cue were 


ie time. All Ss were 
tons each day, 

nir g pretraining, 10 day. 

of transfer training, at 96 possible {Ши б ERR 
е that was mat 
Itaneously com- 
п those trials in 


e trials in whi 
responses were never to be reinfori ow 
cue was compounded with 


е h the pretr; 
0%, 25%, or 75% 


of the time, 
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during transfer training, responses in thes E. 
of the pretraining cue were reinforced 50% 0 E 
time (the same as during pretraining). Hosen 
responses in the presence of the added cue, (a xn 
in compound with the pretraining cue) were re р 
forced either 100%, 80%, or 57% of the une 
Responses in the presence of Pa реке си 
resented alone were never reinforced. 
E These manipulations made the added cue one 
groups a more reliable predictor of reinforcen e 
than the pretraining cue. At the Same e RU 
pretraining cue retained the same 50% rein o 
ment probability during transfer training Sn Ss 
occurred during pretraining. An additional 4 m 
without pretraining experience, were divide ae 
six groups which received transfer training UM 
ences identical to those of the pretrained S m 
purpose of these control groups was to епа d ке 
assessment of the possible retarding effects О E 
training experience on subsequent transfer train! 
experiences. E 
Testing -Test procedures followed the same pat 
tern as that described for Exp. I. 


Results 


The average percentage of responses 
emitted in the presence of cues during 
pretraining, transfer training, and testing 
is presented in Fig. 2 (three panels). i 
though pretraining performance by group 
exposed to light or tone cues is combine. 
in Fig. 1 (to more clearly show subseque? 
transfer and test results), and is represente? 
as S, 50%, Ss trained with light made 
greater percentage of responses than ә? 
trained with tone, F (1,22) = 17.9. How! 
ever, the performance of all groups wn 
proved across blocks of pretraining we 
F (4, 88) = 63.7. By the last block S 
pretraining days, Ss trained with UE. 
were responding about 80% of the E 
the same as Ss trained with light, F (4 
— 34, p « .05. I. 

Following pretraining, transfer ie 

3 e- 
made a more reliable predictor of reinfor? 
ment than the pretraining cue oba- 
maintained a 50% reinforcement us rm- 
bility). Figure 2 shows transfer per!o 
ance of Ss in the 100%, 80%, an 
added cue reliable conditions in 0р ^, 
top right, and lower left panels, resp 
tively. In addition, transfer perfor! 
has been broken down with respect tO 
percentage of responses emitted !! ш 
presence of the pretraining cue alone Gi 
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training, 
ing, 51 represents pre 
the compound of added cue 
in presence of cues is shown as à 
lower left panels depict 100 
respectively. Test scores 

pretraining cue or added cue alone.) 


cue in com- 


reinforcement) and the added 
(SiS2 100%, 


Pound with the pretraining cue 
| or 57% reinforcement). 
ae M general, transfer training 

m groups improved acr 
d Ons. As training progressed, Ss made 
Аа percentage of responses 1n the 
ence of the compound, P (4 144) 
to 81.5, and a lesser percentage of responses 
the pretraining cue, F (£, 144) — 54.7. 
p Ough nonpretrained groups made a 
trot percentage of responses to the pre- 
ning cue than did pretrained groups, 
bent 36) = 29.0, there was no difference 
of Ween groups in terms of the percentage 
‚ responses made to the compound. 
el added cue reliability also influenced 
ansfer performance. The more reliable 
Ses added cue, the lower the percentage of 
F Gee made to the pretraining Cue 
exti 36) — 16.0, and the faster the rate of 
Geen of responses to the pretraining 
tes, F (8, 144) = 32.0. The percentage of 
RE made to the compound did not 
cd with added cue reliability, although 
pound performance did improve faster 


performance 
oss training 


f responses е 
and testing in blocks of 2 days. 
training cue alone. 

plus pretraining cue. 
percentage. 

%, 80%, and 57 
are percentage of responses та! 


mitted during pretraining, transfer 
(In pretraining and transfer train- 
In transfer training, 5,5: represents 
Probability of reinforcement 
Upper left, upper right, and 
% added cue reliability conditions, 

de in presence of 


across training sessions for Ss having the 
reliable added cues, F (8, 144) = 17.5. 

Testing, where cues making up the com- 
pound were presented individually, essenti- 
ally mimicked transfer training data. Non- 
pretrained groups, and groups receiving a 
high-reliability added cue, performed bet- 
ter in the discrimination than their counter- 
parts, F (1, 36) = 22.4; F (2, 36) = 48, 
p < .05. Although nonpretrained groups 
made about the same percentage of re- 
sponses (80%) to the added cue as pre- 
trained groups, they made a lower per- 
centage of responses to the pretraining cue 
than did pretrained groups, F (1,36) = 4.8, 
p «.05. This difference in pretraining 
cue responses is accentuated when varia- 
tions in added cue reliability are considered. 
The lower the added cue reliability, the 
в the difference in percentage of 
to the pretraining cue be- 
and nonpretrained groups, 
F (2, 36) = 18.1. That is, differences in 
pretraining cue performance between pre- 
trained and nonpretrained groups were 
greater for the 57% and 80% added cue 


more 


greater wa: 
responses made 
tween pretrained 
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reliability conditions than for the 100% 
condition. 


Discussion 


The conceptualizations offered by Kamin 
(1968; 1969), Mackintosh (1965c), Sutherland 
(1959), and Wagner (1969) are able to account 
for those results of Exp. I in which pretraining 
blocked added cue acquisition and control over 
behavior. However, only Kamin can fully 
account for those findings in which pretraining 
did not retard added cue control, that is, under 
the conditions of reinforcement probability 
change in compound training. The basic 
assumption of Kamin's position is that UCS 
"surprise" is necessary for CS association. 
Only when the presentation of a UCS is unex- 
pected will increments in associative strength 
accrue to a CS which predicts the UCS. In 
Exp. I it is suggested that groups which main- 
tained their pretraining reinforcement prob- 
ability during compound training experienced 
a schedule of reinforcing events that was not 
surprising to them. Thus, the added cue 
gained little associative strength and, there- 
fore, little control over behavior. On the other 
hand, groups which received a reinforcement 
probability during compound training that 
was different from the one received during 
pretraining did experience a. surprising schedule 
of reinforcements. This unexpected schedule 
presumably enabled associative strength to be 
gained by the added cue (as well as the pre- 
training cue) and resulted in added cue control. 

It is interesting to note that Kamin’s con- 
cept of surprise implies that any change in a 
UCS, from that which S ordinarily experiences, 
will facilitate CS association. Although Kamin 
(1968) has reported that an increase in UCS 
intensity, shock, did yield added cue control 


in a conditioned suppression blocking para- 
digm, he has not reported a study investigatin 
the effects of a decrease in UCS intensity. 
Experiment I supports the prediction that A 
decrease in the probability of occurrence of a 
UCS can also lead to added cue control, 
Experiment II was designed to test d 
Kamin's assumption that U 
necessary for CS association. The study em. 
ployed a modified blocking paradigm in which 
the added cue was a better predictor of rein- 
forcement than the pretraining cue. However 
the reliability of the pretraining cue in predict. 
ing reinforcement did not change throughout 
training. Transfer training and test results 
indicated that the added cue eventually ac. 


irectly 
CS surprise is 
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quired more control over responding шш 
the pretraining cue. In addition, the fre 
the reliability of the added cue, relative to the 
pretraining cue, the faster the rate of discrim- 
inative responding during transfer training. n 
The results of Exp. П are contrary to рге- 
dictions which can be derived from Kamin's 
conceptualization. For all pretrained een 
during transfer training, there was no OV ON 
change in UCS surprise. Probability of rei à 
forcement in the presence of the ргенаниае 
cue during transfer training remained idento 
to that which occurred during pretraining. 
Yet, added cue control over responding was 
demonstrated at the expense of pretraining 
cue control without the concommitant manipu- 
lation of UCS surprise. aid 
While transfer training results are prec! d 
table from any number of learning US 
(e.g., Mackintosh, 1965c; Spence, 1936; \ EU 
ner, 1969), it is not readily apparent !n eu 
present paradigm how added cue control xi 
acquired at the expense of pretraining s 
control. Two factors confound the ipte EA 
tion of transfer training results. A beta 
probability of reinforcement occurred in a 
presence of the compound relative to the rd 
training cue alone. Responses in the prese iy 
of the pretraining cue alone were consistent? 


a Re ite 
nonreinforced and thus extinguished. DER 5 
this acknowledged confounding, po 
Exp. П do make one thing clear. UCS S 


s 2v 
prise, at least the way Kamin has used it ш; 
not always be a necessary requirement for 
association. Т 
Although Exp. II is not a true Ыоскіпе 
paradigm (transfer training cues were s 
redundant in predicting reinforcement): En 
results do bear on the results of [кайр 
blocking studies. Pretrained animals Im 
the transfer problem at a significantly s igh 
rate than nonpretrained animals. pape 
pretraining retarded, although it did not € un 
nate, added cue learning. This finding te 
ports predictions made by both the UM 
continuity theory and the selective atte rme" 
theory of discrimination learning. The s 
conceptualization may account for th t havy 
by suggesting that pretrained groups first ^5. 
to reduce the large amount of ass in pre 
strength accrued by the pretraining GUE E asso" 
training during transfer training. nee cue 
ciative strength can accrue to an addet S 
plus pretraining cue. Control group? 
ever, do not have to reduce pretrainin€ pre 
associative strength to the degree gus 2 
trained groups must. That is becau? 
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pretraining cue has little associative strength 
prior to transfer training. Thus, differential 
control over responding (responding to the 
compound but not to the pretraining cue alone) 
occurs sooner for control groups than for pre- 
trained groups. Selective attention theory, 
on the other hand, can account for these results 
by making reference to the large degree of ex- 
tinction training that is necessary to reduce 
the pretraining cue attention response before 
the added cue attention response is developed 
for. pretrained groups. For control groups, 
extinction of a strong pretraining cue attention 
response is not required because it has not been 
Previously reinforced. Thus, control groups 
learn the transfer problem at a faster rate than 
Pretrained groups. 

In sum mary, both experiments reported here 
Offer some support for each of the theoretical 
Positions discussed. Compound discrimina- 
Чоп learning may be interpreted in terms of an 
organism's attentional interactions with dis- 
Criminative stimuli. On the other hand, such 
learning may be accounted for by stressing an 
Organism's encounter with reinforcing and 
Donreinforcing events and the degree to which 
these events are predicted by stimulus com- 
Pounds as a whole. Whether or not any other 
COnceptualization can more completely and 

ciently account for stimulus selection re- 
Sults remains to be determined. 
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SPATIAL ORIENTATIONAL AND FIGURAL INFORMATION 
IN FREE RECALL OF VISUAL FIGURES 


FRED L. ROYER? 


Veterans Administration Hospital, Brecksville, Ohio 


Three lists of 8 visual figures were constructed by selecting them from subsets 
of a total set of 63 figures partitioned such that each member of a subset was 


identical under operations of 90? rotation and mirror reflection. 


Selection 


from these subsets, called equivalence sets (ES), produced lists pene 
according to the number of members of an ES present and the size of the 
ES from which the members were selected. Each item of the list was exposed 
for 3 sec.; after a 6-sec. pause at the conclusion of a trial, Ss freely recalled 
as many items as possible. Ten trials were given. 'The number of correctly 
recalled figures decreased and the number of rotational and reflectional errors 
increased with the number of members of an ES present in the list and with 
the size of the ES from which members were selected. 


When a task requires S to encode a visual 
figure (hereafter also referred to as a sym- 
bol), search an array for that symbol, en- 
code an associated digit, and write out the 
digit below the symbol, the number of 
symbol-digit items completed in a fixed 
time changes as a function of the subset 
of symbols chosen as stimuli (Royer, 1971). 
A set of two-dimensional line drawings may 
be partitioned into subsets that have the 
property of identity under operations of 
reflection and 90? rotation; such subsets 
have been called equivalence sets (ES) by 
Garner and Clement (1963). As the num- 
ber of members of an ES selected for a 
stimulus set increases, the number of sym- 
bol-digit items completed in a fixed time 
decreases. With some special exceptions, 
the principle holds in the obverse с 
where S encodes a digit, searches an ordered 
array for the digit, encodes an associated 
symbol, and writes out the symbol (Royer 
1971). The principle holds also fora card- 
sorting task where the symbols are matched 
against criterion symbols (Royer, 1966). 
In the latter instance there is very little 
demand on memory; in the former there 
is. How much might memory have to do 
with Royer's (1971) findings in the digit- 
symboland symbol-digit substitution tasks? 
The present experiment examines the ability 


ase 


R 1 кеше d reprints should be sent to Fred L, 
oyer, Psychophysiological Research Lab : 
Veterans Administrati 0 Breck’ 


f on Hospital 10,000 zs- 
ville Road, Brecksville, Ohio т, оен 


of Ss to hold stimulus sets of such symbols 
in memory by testing for free recall. Aven 
The importance of this problem Де, 2s 
previous work, which suggests that БЕЛҮ 
is a two-stage processing of the Hae 
(shape) and spatial orientational informs 
ton. Garner and Clement (1963) b 
lished that the judged goodness of Ea 
figures constructed of five dots ina 3 die 
matrix was correlated with the size of 
ES (where size is equal to the number з 
figures in the subset when the total 1а r 
partitioned as indicated above). ord 
(1966) kept the amount and form of T t 
dundancy of subsets of Garner-Clemer" 
figures constant in a card-sorting ed 
ment while varying the Gestalten of p 
subsets. The subsets differed in size © 
ES from which members were select r- 
and in the number of items from а P 
ticular ES. The Ss used Gestalten, D^" 
dot-position information. Performance Е. 
peared to be affected by the number o " 
items of an ES present in the stimulus ing 
Clement and Varnadoe (1967), follow e 
up these observations, had Ss sort The 
containing only two designs in each. ro- 
designs in the decks were selected to P^. 
vide a test of the effects on sorting Dip 
formance of ES size and ES ment DO cS 
(from same or different ESs). The with 
were sorted under two conditions, © 
orientation either fixed or random; were 
latter condition, the items in the Her a 
rotated randomly so that the figure "1° 
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be mentally or physically rotated to match 
the criterion stimulus. There were no dif- 
ferences in sorting times for decks having 
figures from different ESs whether pre- 
sented in either fixed or random orienta- 
tion; however, there were large differences 
When the figures were from the same ES. 
Under both conditions sorting times in- 
Creased as ES size increased. 

These observations give strong support 
to the position that formal and spatial 
orientational information is processed sepa- 
rately and sequentially. The Clement- 
Varnadoe (1967) study shows that if formal 
information alone is the basis of sorting, 
orientational information has no influence 
Оп performance; given а T-like and an 
F-like figure as criteria, a rotated T-like 
figure would be as readily discriminated 
from the F-like figure as a T-like figure in 
the same orientation as the criterion. 

In the type of task Royer (1971) used 
More recently, rate of processing was faster 
when each symbol of the stimulus set was 
from a different ES than when two or more 
Members of an ES were present. However, 
regardless of the condition, in this task both 
ormal and spatial orientational informa- 
tion had to be preserved for S to get the 
item correct. 

The differences in the two types of tasks 
апа the similarity of findings raise a new 
Question. In the discrimination tasks such 
RS Card sorting, processing formal informa- 
tion alone is possible when criterion stimuli 
lave been selected from different ESs. 
“Owever, in the symbol-digit substitution 
task the orientational information still 
Must be processed since it must be pre- 
Served in the response. Yet, in the latter 
task, the same advantage accrues to per- 
Ormance with stimulus sets containing 
Members of different ESs as in the dis- 
Ctimination task. Since the substitution 
ask is more complex in that it requires 
ds discrimination and memory processes, 

1e question is whether the observed results 
are due primarily to discriminative Op- 
frations or memory processes that may 
Er may not store information of both types 
differentially. 


The issues may be made more explicit. 
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There are 63 line drawings that can be 
constructed from the presence or absence 
of six lines having the spatial orientation 
shown in Fig. 1а. In constructing lists of 
eight stimuli by drawing from this set, 
there are many possible stimulus lists. 
Regardless of how lists are constructed, 
each figure in them is unique. However, 
it is possible to choose the figures according 
to a previous partitioning of the total set 
into ESs, as has been done for this experi- 
ment; see Fig. 1b. Every figure in each 
of the three subsets has a particular orien- 
tation in space that must be preserved to 
generate a correct response. In remember- 
ing a figure, it is possible that the figure is 
stored as a complete unit—as a unique 
figure. Each list has eight figures; if each 
figure is stored as à complete unit, each 
figure and each list could be expected to 
be remembered with equal ease. On the 
other hand, as in discrimination, it is pos- 
sible that the information is separately 
processed and differentially stored. All 
figures in List A are from different ESs, 
Lists B and C have fewer items from dif- 
ferent ESs. If figural information is more 
difficult to deal with than orientational, 
List A ought to be more difficult to re- 
member than B, and B more difficult than 
C. If, however, orientational information 
is more difficult to deal with, the opposite 
order of difficulty would be expected; the 
uniqueness of the figures depends more on 
remembering the orientational information. 
The types of errors that Ss make should 
differ according to the treatment of in- 
formation in memory processes. At the 
moment, there seems to be no à priori 
reason to expect that remembering both à 
T-like and an F-like figure would be more 
demanding than both a T-like figure and 
some other figure that is identical to 1t 


when rotated 90°. 


METHOD 


ts of stimuli shown in Fig. 1b 
were selected from the total set of 63 figures. The 
first, List A, contains 8 of the 63 figures with each 
figure being a different item having no other mem- 
bers of its ES present. List B was constructed by 
choosing two members from each of four ESs having 
a set size of four members. List C was constructed 


Stimuli —Three lis 
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Fic. 1. (a) Array of six lines from which the visual figures used in experi- 
ment were generated. ((b) Lists of figures selected from the total set of 63 line 


figures generated from 
in (a) above.) 


by drawing two items from two ESs having a set 
size of four and by drawing four items from an ES 
having a size of eight. The selection of a particular 
item from an ES was determined by the attempt to 
equate the use of each alternative line position as 
closely as possible. In contrast to the sets generated 
for the previous work (Royer, 1966, 1967), complete 
ESs were not represented since a recognition of the 
presence of a complete set of equivalent figures 
would permit S to generate items without reference 
to the spatial orientation information, 
Subjects.—Sixty Ss were 
academic institutions, 
versity and Cuyahog; 
Ss were obtained fi 
were students in in 
"Twenty Ss served ir 
groups, defined by the list of fig 
required to learn. 
Procedure.—Each of the eight stimulus items of 
each list was reproduced lithographically оп a 
blank IBM data card. The trimmed corner of the 
card Provided a reference point for the correct 
Spatial orientation of a deck of cards. Each of the 
eight cards was assigned a position in a deck accord- 
ing to a table of random numbers. An answer card 
was Placed following the eighth card. The answer 
card consisted of eight lightly printed, dotted-line 
reproductions of Fig. 1а. Ten packs of the randomly 
arranged stimulus cards together with an answer 
card made up the full decl: to each S, 


k of cards given 
* figural lists were both 


obtained from two local 
Case Western Reserve Uni- 
a Community College. Thirty 


rom each institution, АП Ss 
troductory 


ее experimental 
ures they were 


Decks of each of the thre 


the presence or absence of a line in the array shown 


mixed in their order and distributed to s unsyste 
matically so as to approximate vu af 

The experiment was introduced as a stu sition 
free recall of geometric designs. The compo: igns 
of the deck, as 10 sets of eight different des 
followed by an answer card, was explained. aand 

The Ss were instructed that upon the CO ee с 
"Turn," they would turn over a card in the they 
and continue turning, only on command, unti id t 
had reached a response card. They were x until 
wait and write nothing on the answer car draw 
instructed to do so. When told, they were to coul 
on the response card as many designs as ihe d B 
remember, For illustrative purposes E that all 
response card on the blackboard, indicating бй he 
designs were constructed by using the six m. AR 
answer card. It was pointed out that if a S nulus 
a square had been observed as one of the m from 
cards, they would be required to o peri 
memory by blackening the dotted lines of za Ss that 
eter of the figure. The E illustrated and E stimulus 
(a) they would have 3 sec. to observe rund 
card before being given the command ait 6 Sec? 
after turning the eighth card they would UNS all 
and (c) upon command, they would repr allowing 
of the items which they could remember. he rubbe 
these instructions, Ss were told to remove ti "front Í 
band from their deck and position it ЕНЕ com 
them. The E said "Ready," then gave interval 
mand “Turn” and continued at 3-sec. E overt 
until the eighth stimulus card had been UE of the 
after a 6-sec. delay, S was told to recor! 
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MEAN CORRECT RESPONSES 
[5] 


4 
3 
2 
1 
[o] TEN. B a a —— сш=' rs \ 
I 2 3 4 5 6 7 8 9 10 
TRIALS 
Fic. 2. Mean number of correctly recalled figures 


items } Е А 
ms he could remember. This was continued for 


) trials, 
нагог each S and each trial the number of 
Ported СП and three types pa dd {Че 
reflection) e SI {ере ш) - en ion anc 

ions and | ( JA missions, and (c) Others (repeti- 

intrusions). 
RESULTS 

Differences in the free recall learning of 
ad een mean number of correctly 

NS led figures for each of the three lists 
E trials is shown in Fig. 2. The analysis 
do шапса of between-Ss effects showed 
at differences in the mean number of 
E recalled by the three groups (Lists) 
j significant, F (2, 57) = 7.01, p < .01. 
ee tests were performed for 
Eu rie comparisons with р «0» as an 
Sho ptable level of confidence. These tests 
Bod that the means of each of the three 

i ments (Lists) differed significantly 
cated one another. Within-Ss effects indi- 

iim a significant improvement m per- 

mance with trials, F (9, 513) — 26.01, 
ua 001, but even at the end of the tenth 
ae differences in learning were still 
wa пнев. (the Trials X Lists interaction 

Ва nof-daniüeagt, P. (16, $19) ** 143 


for each of the three lists by trials. 


In other words, there was no 


p > .05). 
curves toward 


convergence of the learning 
equivalent mastery of the lists by the tenth 
trial. When all items of the list are drawn 
from different ESs, the list is easier to 
learn than when there is more than one 
member from an equivalence set present in 
the list. Also, the inclusion in the list of 
one-half of the members of a larger ES 
(List C) makes the learning more difficult 
than the inclusion of one-half of the mem- 
bers of two smaller sets (List B). Differ- 
ences in the ways in which items are se- 
lected from a total set of visual figures do 
influence free recall. The results seem to 
indicate that the spatial orientational in- 
formation is fairly well preserved in memory 
if no other members of an ES are present 
(List A). However, when several members 
are present, so that a discrimination of 
spatial orientation must be maintained in 
memory, learning is more difficult. 
Differences in the types of errors.—The 
mean number of errors of the three types, 
(a) R-R, (b) Omissions, and (c) Others 
(repetitions and intrusions) are presented in 


Intrusion errors were combined 


Table 1. 
with repetition errors since intrusions were 
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TABLE 1 


MEANS AND STANDARD ERRORS OF 
ARIOUS ERRORS OF RECALL 


Error type 
pcena on апа Omission Other 
xX || “se | SE x |52 
A 4:2. W 1:12 5.1 1.53 2.1 48 
B 15.6 | 1.30 6.2 1.46 2.2 .66 
(е; 18.7 | 1.92 5.3 1.42 3.6 .96 


Very infrequent and seemed to be only 
incomplete figures. 

'The analysis of variance of between-Ss 
effects shows that the total number of 
errors varies significantly with the list, 
F (2, 57) = 6.96, p «.01. Within-Ss 
effects show that there are significant differ- 
ences among the types of errors, F (2, 114) 
= 66.03, p< :001, and that the types of 
errors vary with the particular set since 
the Error Type X Lists interaction is sig- 
nificant, Р (4, 114) = 6.96, р < .01. Dif. 
ferences in the ways that visual figures are 


selected from the total set produce differ- 
ences in the types of errors. 


The total errors follow 
pattern of the learning score 
since they are complimentary, 
the significant interactions, N 
tests of multiple comparison 
among means with the 
significance at р < .05 
crease as the number of member. 
of ESs increase; Newman-K 
showed that mean К-К error. 
list differed significantly, There were no 
significant differences among the means of 
either Omission or Others ty 
Within lists, R-R errors wer 
greater than 


the obverse 
5, of course, 

Because of 
ewman-Kuels 
S were made 
acceptable level of 
errors in- 
5 and size 
uels tests 
s for each 


in List C. 
account for 
pes of errors, 

n of formal information —The 
ors demonstrate clearly that 


It is seen that 


the R-R errors the major dif- 


ferences in ty 
Preservatio 


ROYER 


the preservation of spatial orientational 
information of figural information is af- 
fected by the way figures are selected. { Го 
examine the question of figural information, 
we can consider R-R errors as responses 
preserving figural information under P 
assumption that Ss treat members of E 558 
as nonunique figures. The above analy sis 
of errors suggests an answer, but the answ Я 
is clouded by the repetition errors an 
differential ES repetition. ж. 
Тһеге is, perhaps, another way er S T 
amining the question. We have ino 
partitioned the maximum possible E 
quency of response to each ES stimulu à 
item into the numbers of correct repro: 
ductions, the numbers of responses which 
were nonlist members of ESs (R-R), and 
a residual which represents the nonuse or 
misuse of presented information. These 
values were converted into proportions and 
are given in Table 2. The table also ms 
the partitioning of proportions for each ^ 
class in each list together with a subparti- 
tioning to show the proportionate ipid a 
particular ES member. The range of Ше 
Proportions for the residual category for 
the three lists is from .093 to .114. The 
small difference of 2.195 seems to leave 
little doubt that preservation of figural 
information is not affected by the way that 
lists are constructed. There is little prob- 
lem for S in remembering the forms re- 
gardless of list composition. Remembering 


oh ae = is a prob-. 
which items of an ES are present is a pro 


lem however; or, in other words, remem bet 9 
ing which alternative spatial orientations 
are present is a problem. e 
The proportion of use of different met i 
bers of ESs varies considerably. Poma 
which are like common letters or eae, 
tend to be given as responses with a Be 
frequency. A design labeled 1 wou NR 
the common letter or symbol configurati з 
In List A, this configuration. e а 
more than 50% of the nonlist ES Qu { 
four of the five possible cases. In po 
the configuration constitutes more 
50% of the errors in all possible ар 
List C, it does not occur in Sy o 
quency than other alternatives in an3 
the cases. 


an 
n 
fre- 


f 


5 
j 


| 
and the L-like ES in the two an 
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TABLE 2 


PROPORTIONS (P) oF MAXIMAL RESPONSE FREQUENCY FOR LIST 
NoNLisT, AND RESIDUAL CLASSES OF RESPONSES гре: 


List ES List items is Nonlist items" a ions 
ANM. k of ES» Pise | A P холи proportion’ P nonliste P residual 
A | 1 1 "m 5 | 2 
ЕЕ. baat er 00 | 095 
r 4 | 1705 | 1(.524), 2(.048), 3(429) 000 98 
р 3 | .800 E 2(.000), 4(161) adi Í 
| 1^(.226), 2^(.097), 3/(.355), 4^(.000) 455 | 5 
ЕЗ 1 .855 |20220), 30.778), 4 (.000) ‘018 K 
L 2 | 150 1(.571), 3(.200), 4(.229) 175 ‘075 
U 3 | 840 1(590), 2410), 4(.000) 110 050 
D 3 | .765 1(.526), 2(.368), 4(.105) .095 140 
_ IAM E | Ё 
m .816 .091 .093 
B U 1,2 .755 |30705), 4(.295) 132 093 
[ 3,4 .665 1(.746), 2(.254) 178 158 
ES Дре | 742, 1(.636), 2(.364) .192 .065 
d L one” | «638 1(.631), 3(.369) 257 105 
T. .700 .195 105 
C L 2,4 .672 1(.410), 3(.588) .255 .073 
T 3,4 .788 1(.467), 2(.533 12 100 
F | 24 1(.292), 3(.265), 2'(.199), 4'(.243) 
, a f eS Y .282 141 
653 233 114 
B. " Ls 
nume ord esponds to that in Fig, 1, 1b. The numbers in this column in the particular item of an ES. The 
Namie 1 ien in the reference po by the design’ i ivalent in the preceding column. 
pers 2, e the design generated b; е 90? cloc! А prime after a number indi- 
i umber refers to the success n of the 1’. 


after the design is the pro- 


ed by mirror-reflection of Di 


s of the equ ) as in the above note. In parenth 


Cates 
ET she design produc: 
Portion of numbers indicate the desi 
of all rotation-reflection erre 


his value is the proportion ol 


: for that d 


f maximum responses which are rotation-reflection errors. 


This emphasizes that responses are not 
merely reproductions of single stimuli which 
have been learned or productions of familiar 
configurations as reversals but are func- 
tions of the entire set of items in which 
they are embedded. 


C learly, there are important exceptions 
Ee pus this as an explanatory prin- 
lor memory failure in the experiment. 
ое С, as noted above, the common 
guration is not the most frequent. 


250, in List A, for the F-like figure the 
T member which is in the normal F con- 
5 tration occurs 16.1% of the time as a 
‘Onlist ES member but the reflection of 
y йти item (mirror-image) occurs 
aS -5% of the time. And, there are two 
ts of stimuli which appear in both Lists 
> and C; the stimuli are from the T-like 
“5 in the three and four configurations 
3 d four 
| Configurations. The proportions of the one 
ae two configurations for the T-like figure 
the of the one and three configurations for 
we L-like figure in the R-R errors are 

idely different from one list to another. 


In Lists A and B where items were pre- 
sented in the common (1—) configuration, it 
is of interest that the inverted figure (180° 
rotation) occurred with greater frequency 
than the other reversals. Future work may 
be expected to clarify the specific types of 
R-R errors associated with the character- 
istics of the composition of the list. 


DISCUSSION 


tly does not simply remember 
d to him as a unique design. 
ES are added to the 
oblems of 


An S apparen 
a figure presente 
As items from the same 
stimulus set, he begins to show pr 
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retaining the figure in memory. The figures 
are apparently processed as members of sets 
so that the specification of the unique figure 
is given separately by the formal information 
and orientational information. In memory 
processes, then, the same pattern of results is 
seen as in discrimination processes. A “figural 
similarity” is perceived of two-dimensional 
objects, rotated in space, that satisfy the 
criterion of identity. The process underlying 
this perception destroys the uniqueness of the 
figure? We propose this view of the results. 
To specify the particular stimulus, a cognitive 
Process is called into operation by which the 
figure is classified for ES membership and sub- 
sequently indexed for orientation. 
dexing leads to rotational errors. 
a single item from an ES is ind 
errors are small, as with List A. 

As more items are added from the same ES, 
as in Lists B and C, the indexing is more diffi- 
cult or the memory of the index is more difficult 
to retain; the consequence is that increasing 
numbers of rotational errors are made although 
there are fewer alternative ES members avail- 
able to be wrongly indexed. 

It might be emphasized that the poorer per- 
ormance as ES membership is increased may 
arise from either poor storage of spatial orien- 
tation information or from earlier processing 
prior to Storage such as occurs in the discrimi- 
nation tasks used in earlier studies. That is, 
although the task may be a free recall one, 
discrimination within inferred subsets is re- 


quired and size and list representation become 
factors. 


Still another possibilit 
tion is verbally coded a 
Such an explanation 
strengthen the view 
processes deal with 
tion separately. 

This work emphasizes once More that Ss do 
seem to perceive stimuli as members of ESs 
even when there are no other members present 
to require discrimination, Garner (1962) intro- 
duced the notion of inferred size of Sets to 
account for the apparent perceived redundancy 

* We have elsew! 


here (Royer, 1971) conj 
\ ( Jectured 
that the output of the visual system may be coded 
only for form with spatial orientation later coded by 
reference to the body's spatial coordinate informa- 
tion system. У 


This in- 
When only 
exed, these 


y is that the informa- 
nd stored, 
would only 
that antecedent p 
the two type 


However, 
Serve to 
erceptual 
5 of informa- 


ROYER 


of a single figure. Garner (1966) has dpi 
this position in reviewing his own work an 
that of collaborators. The utility of the con- 
cept seems to be demonstrated in the present 
experiment. e 

A final note should be made of the clinica 
aspects of the processing of this type rd. 
mation. There is abundant evidence in zm 
clinical literature that certain brain damagec 
cases have considerable difficulty with me 
type of task used by Royer (1971) and Шо 
they tend to produce rotations of visual figures 
they are asked to reproduce either from mem- 
ory or during inspection. | 

Both the substitution task and that of t зе 
present experiment require processing of 8118 
lar information ; іп one case, the rate of dendo 
with figures in various rotations is mgasute i 
and performance is affected by тергезеп ин 
of ES membership; in the other, the num 2er 
and types of errors are measured, and Bero 
mance is affected by list representation of A 
membership. A population of college studen 2 
shows performance under certain Grana d 
that parallels that of brain-damaged indi 
viduals. The strong possibility exists that 
such patients the damage has interfered sic 
the processes that integrate the separately p 
sequentially processed information; the inte ^ 
ference is manifest under conditions in whic 
it is ordinarily quite rare in normals. 
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CUE SELECTION AFTER MULTIPLE-CUE PROBABILITY TRAINING? 


DONALD ROBBINS? лхо DOUGLAS L. MEDIN 


Rockefeller University 


ere presented to Ss іп a two-choice verbal discrimination 
an independent probability of being correct (т) and 
were identical, while between pairs the reward prob- 
training, Ss were given feedback only with regard 


‘Three pairs of letters w 
paradigm, Each pair had 
within a pair these values 


abilities differed. During 
to the cue chosen. The training tria 


formation) transfer tests С 
ference was observed during training, 
for the cue with the higher т value in 
it is assumed that Ss make inference: 
chosen cue of a pair bu 
directly received outcomes, was 5 
model." 


_ This article deals with an evaluation of a reward 
information model of choice behavior. The particu- 
lar task used required Ss to choose between two 
Simultaneously presented cues, each having a distinct 
reward probability associated with it. Three such 
Pairs of cues were used and within a pair each cue 
had the same probability, 7, of being called “cor- 
rect,” with т values of .8, 5 and .2 for the three 
Pairs. After training, Ss were given nonrewarded 
(no information) test trials on all possible combina- 
tions of the six cues. 

lt is assumed that Ss assign weights to cues and 
alter these weights as a result of direct and inferred 
reward and nonreward. For example, if Cues A and 

are presented and if Cue A is chosen and reward 
Ollows (S is told "correct"), the weight of A 
Changes by: 


Wane = Want 7 Wa si. [1] 

I A is chosen and followed by nonreward (S is told 
incorrect"): 

Wa ы = Waa(l — 62 (21 


If the other cue, Cue B, is chosen and followed by 
Nonreward, the weight of the chosen cue changes 


according to Equation 2 and the weight of Cue A 
Changes (by the inference that A was correct) ac- 
когаз to Equation 1 except 01 15 replaced by б>. 
Similarly, if Cue B is chosen and followed by reward, 
the weight of B changes according to Equation 1 and 
the weight of Cue A changes (by the inference that A 
Was incorrect) according to Equation 2, and again 01 
is re 

replaced by 02. £A 

Note that 0; and 02 represent the rate of learning 
9n direct and indirect information trials, respec- 
tively. These equations describe weight changes 
following direct reward, direct nonreward, inferred 
‚1 This research orted by Grant GM 16735 from the 
National esearch was Рр Medical Sciences. Tor authors 
ish to express their appreciation to We К. Estes for his sug- 
Xestions and criticisms throughout the course of the researc o 
ig‘ Requests for reprints should be gent to Donald Robbins, whe 
Хипо» at Emory University, Department of Psychology, 
Atlanta, Georgia 30322. 


ls were followed by nonrewarded (no in- 
onsisting of all combinations of the letters. No pre- 
but the transfer tests revealed a preference 
training. An information model, in which 
s about outcomes associated with the un- 
t that these inferred outcomes are less effective than the 
upported as well as a variant of a “scanning 


reward, and inferred nonreward. Thus the model is 
one in which it is assumed that weight changes may 
differ for inferred and directly received outcomes 
(01 #02). Itis further assumed that these weights 
are combined to determine choice behavior by a 
ratio, namely, P(A/AB) = Wa/(Wa + Мв). 

Unfortunately, a general expression for the asymp- 
totic weight of a cue as a function of the т values, 01 
and 6s, cannot be derived since the application of 
these operators is partially S controlled and a given 
response probability can be the result of more than 
just a single set of underlying weights. Asa result, 
a computer simulation was used to obtain average 
asymptotic weights. For some special cases, one can 
derive some explicit results. For example, when 
0; =0, (ie, if S makes no inference about the 
unchosen cue), the asymptotic weight of a Cue A 
approaches тл. As a result, in the equation de- 
termining choice behavior one would substitute 7a 
and тв for Wa and Ws, respectively- Results sup- 
porting this special case of the model would suggest 
that Ss acquire reward information about a cue and 
it is independent of its context (the value of the 
other cue) during training. This model will be 
referred to as a context-free information case. 

When the 0 values associated with direct and in- 
ferred outcomes are equal, а context-dependent 
information case results, 50 that asymptotically 
Pa = Wa. To determine choice behavior, Wa and 
Wp are replaced by Рл and Рв, the probabilities 
of choosing Cues A and B, respectively. The con- 
text-dependent case would suggest that transfer 
performance can be predicted directly from the 
training response probabilities. For many sets of 
т values (e.g., when the т values for the two cues 
within a pair are unequal and sum to unity), the 
context-dependent and context-independent cases 
cannot be differentiated (see Robbins & Medin, 
1970, for a more quantitative treatment). The 
particular т values used here were selected so as to 
contrast the three special cases of the model. 
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TABLE 1 
PREDICTED AND OBSERVED PROPORTION OF A CHoices (PA) ON TRANSFER TESTS 
7 
Information model Cue validity models and scanning models 
Cue A Cue B ced. 1 i ; a = —_— 
training | training SN ed Inge- Partially | | 
. J endent | dependen | зс 
ЫСА Prase. | “сазе | Model | Model 2 | 
(e: =0) | (/0:—2) | | . 
тіж | 55 | 100+ a. | 
80* 60 1.00 180% 
262 oi | цоо .78* | 
| 


Note,—The italicized numerals are the = 
т values for the other member of the training pai e 
hand member was arbitrarily designated as an A choice. 
* p <.05, predicted versus observed. 


When 0; # 62, with 03 4 0, (a partially context- 
dependent case), the results are intermediate be- 
tween the completely dependent (0; = @:) and the 
independent (0; = 0) cases. For example, when 
TA = тв = .80, the context-dependent case yields 
Wa,« = .50, the context-independent case yields 
Wa,» = .80, and the partially dependent case yields 
50 < Wa, < .80. 

Method.—Twenty-six college age Ss were obtained 
in response to advertisements in a local newspaper 
(The Village Voice) and were paid $2.00 each for an 
approximately 45-min. session. 

An 8 X 12 ft. experimental room contained an 
ASR-33 teletype which was used for presentation of 
stimuli and outcomes. The teletype was controlled 
by a PDP-8/I computer housed in an adjacent room. 
The computer was Programmed to control stimulus 
presentation, response recording, outcome informa- 
tion, and intertrial intervals. The Ss responded by 
selecting letters on the keyboard of the teletype. 
The stimuli were the capital English letters A 
through F. The six letters were randomly paired to 
create the three pairings and the assignment of pairs 
to the т values of .8, .5, or .2 randomized, as was the 

left-right order of lette Training consisted of 300 
two-choice trials, 100 trials on each of the three 
pairs. The Ss were told to choose the letter on each 
trial which they thought would be most likely to be 
correct. After each trial 


ў trial, they were told if their 
choice was correct or incorrect. Thus, if $ chose A 


from an A-B pair, the computer would print out 
“correct” (with probability тд) or "incorrect" (with 
probability 1 — z4). The Ss were further instruct, ed 
that they could not be Correct all of the time bu 

could improve their performance "dn 


by paying a i 
ы i y pa в attention 
to the results of their choices. Outcomes were 


printed out immediately after choices with a 1 
intertrial interval between the outcome printout and 
the next trial. The pairs Were presented in a "dom 
order with the restriction that before the n+ Ist 
trial on one pair was given the nth trial for each of 
the other two pairs must have been Presented 
Training trials were followed by 30 transfer test: 
during which outcomes Were not printed out TI E 
30 transfer tests consisted of all of the 15 possible 
combinations of two letters from the set of Six wh i Fa 
appeared in both left -right and right-left ieee. 


Aire ee TA газ are the 
lues for the letters in the transfer tests, while the доре nd 
. Tests involving the letters from the three pairs were combined a 


the left- 


Prior to the transfer tests, Ss were told that they 
were now to choose the letter they thought was i. 
likely to be correct based on what they had i D 
learned and that on these trials they would no 
told if they were correct or incorrect. Jom 
Results and discussion Опе of the letters T 
each pair was randomly designated as an A ena А 
During training, for all pairs, the proportion his 
choices oscillated about .50. Examination o ale 
distribution of A choices during the last 60 Mo 
revealed that the response proportions Ne TR 
modally distributed around .50 and that individ ne 
Ss did not absorb on one or the other member 0 
pair. TU 
The results of the transfer tests are MET 
Table 1. Tests involving letters with identici 


er 2 E. & were. com 
training contexts and identical z values were cont: 
bined. The statistical analyses were / te [A 


paring the observed and expected frequencies © a 
choices. The major finding is that Ss showe A 
statistically significant preference for the higher 
value in each of the three transfer tests. 

The predictions for the three cas /alues 
formation model are also shown in Table 1. b k a 
for the asymptotic weight were obtained 00 
computer simulation. For each set of т values vith 
statistical Ss were run for 500 trials cach Я for 
0, set at.10. The weights for all three 7 vale 
the dependent case were all .50, while for the 2 8, 
pendent case they were .79, .49, and .18 for * = 
5, and .2, respectively. = 02) 

As shown in Table 1, the dependent case (01 rpre 
and the independent case (0. = 0) either pec 
dicted or underpredicted, respectively, the e е 
of preference or cue selection obtained. On the der 
hand, the partially dependent case fared Ced the 
ably better, timates of 01/0: = 2 produce uares 
best fit to the transfer data by a iens aie 
criterion, The average asymptotic weights a 30 for 
in the computer simulation were .59, 49, m d 
т = .8, .5, and .2, respectively. Thus eo 
support a view in which it is assumed that 55 " 
information about the reward value of a cue Prüirectly 
inferred outcomes are given less weight than endent 
received outcomes. While the context-dePo iolu- 
case can readily be rejected by these de nt case 
sions with respect to the context-indepenee 


of the in- 
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may be tempered by the possibility that an insuffi- 
cient number of training trials were given. 

In addition to the information model, some of the 
cue validity models of Friedman, Rollins, and Padilla 
(1968) were also evaluated. In these models, the 
asymptotic validity of a cue is assumed to be equal to 
(e.g., for Cue A) waPa and, since the probability of 
choosing a cue was approximately .5 at the end of 
training for all cues, the validity of a cue would be 
S. This yields values for cue validities or weights 
of 40, .25, and .10 forr = .8, .5, and .2, respectively. 
"These values were used to generate predictions for 
the transfer tests. The reader is referred to Friedman 
et al. (1968) for details of the models. Model 1 
assumes that the cue with the highest validity is 
always chosen, while Model 2 assumes the ratio used 
in the information models. Models 3a-3c are 
variants of a "scanning model" (e.g., see Estes, 1966) 
in which it is assumed that choices are made after S 
generates independent expectanc with regard to a 
cue being correct or incorrect. Three cases of the 
model result when the cues are expected to be both 
correct or both incorrect. Model 3a assumes that 
new expectations are generated until one in which 
only one of the cue: expected to be correct 15 
generated; Model 3b assumes that when both cues 
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are expected to be correct or incorrect, the cues are 
selected with equal probability; Model 3c assumes 
that if both cues are expected to be correct, then the 
cues are selected with equal probability and when 
both cues are expected to be incorrect, new expecta- 
tions are generated as in 3a. 

The predictions are shown in Table 1 and reveals 
that all but 3b overpredicted the amount of cue 
selection found. It should be noted that (excluding 
their "weighted averaging models") Friedman et al. 
(1968) concluded that 3b and 3c best fit their data 
and that to more clearly differentiate between the 
two would require smaller values of cue validities 
than they had in their study. The present data may 
meet these requirements. 
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CONTINUOUS TRIAL BETWEEN- 
PARTIAL REINFORCEM 


AND WITHIN 
Г EFFECT? 


SUBJECT 


J. DUTCH? Азр L. B. BROWN 


Victoria University of Wellington, New Zealand 


Experiment I compared four groups of rats on resistance to s eeu ofa Ваг. 
pressing response after 800 acquisition trials. In acquisition, Group received 
continuous reinforcement (CRF), Group 2, fixed ratio 10 (F R10), and Ld 
З and 4 received both CRF and FR-10 with distinctive stimuli associated with 


the two acquisition schedules. 


It was found that partial reinforcement pro- 
duced a generalizing effect; there was no evidence of stimulus control. 


Zxperi- 


ment П was identical to Exp. I except that acquisition was continued for an 
trials. The generalizing effect of partial reinforcement was again demonstrated, 
but there was evidence of stimulus control. 


As a result of making between-S and within-S 
comparisons, discrete trial experiments have shown 
an effect termed the generalized partial reinforce- 
ment effect (GPRE), (e.g., Amsel, Rashotte, & 
Mackinnon, 1966). The GPRE is found when a 
within-S group is given both partial reinforcement 
(PR) and continuous reinforcement CRF) asso- 
ciated with distinctive stimuli in acquisition, and is 
then extinguished to the CRF stimulus. These Ss 
exhibit a partial reinforcement effect (PRE) when 
their performance is compared with a between-S 
group which has only been given CRF. 
et al. (1966) ex: 
because when th 
distinguishing 


The Amsel 
periment is particularly important, 
ne groups are extinguished the only 
characteristic of the within-S and be- 
tween-S groups is their differential acquisition treat- 
ment. Their finding of a GPRE is of particular 
significance for any hypothesis of the PRE, as it 
Suggests that in the discrete-trial situation PR hasa 
primary generalizing influence which seems to pre- 
clude the development of stimulus control. 

No continuous trial experiment which follows the 
Amsel et al. (1966) design has yet been published, 
Pavlick, Carlton, Lehr, and Hendrickson (1967) 
using continuous trials, obtained à reversed GPRE 
for their within-S group. It should be noted, how- 
ever, that extinction was conducted on а within-.S 
basis, and for the within-S group, CRF and PR were 
alternated in acquisition on a time basis as opposed 
to the response basis used by Amsel et al. (1966) 
Pavlick, Carlton, and Manto (1965) did obtain a 
within-S PRE, but in this experiment there were no 
between-S groups and extinction was conducted опа 
within-S basis, 

The following e 


u xperiments were desi 
termine whether, in the continuous trial 
situation, the use of a response-b 
will result in a GPRE, thus indi 
tween runway and continuous trial effects, 
groups were used in each experiment: 
PR-CRF groups, 
between-S PR со 


gned to de- 
bar-pr sing 
ased schedule s itch 

ating continuity be- 


Four 
two within-S 
à between-S СКЕ control, and a 
ntrol If stimulus contre 


ol is a 


arch was aided by G 7, e 
land University Grants СЕС ОУ, Сгапь куты. 


\, Depart- 
ton, P, О, 


critical feature of the PRE, it would be predicted 
that within-S CRF Ss should extinguish Ше S 
tween-S CRF Ss. If on the other hand а G Ge 
were found, it would demonstrate continuity e 
tween the PRE in the discrete trial and continuo Г 
trial situations and influence of PR independent ° 
stimulus control. : aive 
Method.—The Ss were 80, experimentally Н 
male Sprague-Dawley rats from the Victoria 10 
versity of Wellington colony. Ages ranged rS 
to 120 days at the commencement of the EE ley. 
The apparatus consisted of two Lehigh 2 aah 
Electronics, Inc. small animal test chambers, ас 
enclosed in a Lehigh Valley Electronics SU 
insulated cubicle equipped with a blower. One o! id 
two bars in each box was removed and the гета 
bar was set in the high position, 16.5 cm. above b 
grid floor. The bar required an operating pre sd 
of 24 gm. Reward consisted of .01 cc. of water fe 
pensed by a liquid dipper. Particular stimuli we! г 
associated with reinforcement. These consisted o! ng 
white house light situated in the sound-insulatinlt 
cubicle at the center of the rear wall and a red € 
light situated directly above the operating bar. the 
Three weeks before the commencement of Vat 
experiment, Ss were placed on a 23.5-hr. Me 
deprivation schedule with ad-lib food. Magani 
training was conducted over 3 days and con Ta 
30 min. per day in the apparatus with the bar abs 
and the dipper programmed to operate once ETC 
sec. on the average. On the fourth day, the eae 
inserted and 5 was required to make 100 TERES 
t CRF. Acquisition commenced on the follo 
ay. ; zê- 
Particular stimuli were associated with egies: 
ment. For Groups 1 and 2, the red and ЧЕ UE S 
alternated every 50 trials. In the within-S В action 
3 and 4, half of the Ss had white light in EUR ' 
with the CRF and red light in conjunction Wi ersed: 
While for the other half this relation was ЖР 
The daily acquisition sessions were broken. ‘blocks 
trial blocks, with no time space between the its acy 
At the end of each block, the schedule and Hone) 
companying cue light changed. The prese ne 
blocks was randomized, with the restriction “ecutive 
Same condition could not prevail on two conse 
blocks of trials. 
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On Day 1 of acquisition, all 5s received a total of 
200 trials; for the remainder of acquisition, all Ss 
received a total of 300 trials/day. The PR. com- 
ponent on Day 1 was FR-2; on Day 2 it was FR-5; 
on Day 3 and all subsequent days it was FR-10. 
The Ss in Exp. I received a total of 800 acquisition 
trials. In Exp. IT, acquisition was continued until 
all Ss received a total of 2,900 trials. 

In a pilot study, it was found that the changes in 
ratio over the 3 days resulted in a large number of 
within-S Ss failing to complete acquisition. How- 
ever, it was thought necessary to persist with these 
ratios to maximize the PR effects. In order to 
minimize the possible effects of bias through Ss 
failing to complete acquisition, the following pro- 
cedure was used in both experiments. At the com- 
mencement of acquisition, two pools were made up 
consisting of 10 Ss each. These two pools were later 
used to make up Groups 3 and 4. Pool 1 consisted of 
10 Ss assigned to White CRF-Red PR. Pool 2 con- 
sisted of 10 Ss assigned to Red CRF and White PR. 
At the end of acquisition, 5 Ss from each of these 
two pools were randomly selected to make up Group 
3, the remainder constituting Group 4. During the 
Course of acquisition, 4 Ss were discarded from 
Exp. I, and 5 Ss were discarded from Exp. II. These 
Ss were discarded for failing to complete one block 
of trials within 2 hr. Of the 4 Ss which were dis- 
carded in Exp. I, 3 were from Pool 1 and the other 
Was from Pool 2. Of the 5 Ss discarded in Exp. II, 3 
Were from Pool 1 and the other 2 were from Pool 2. 

Extinction followed on the day after the com- 
Pletion of acquisition. The criterion for extinction 
Was 10 consecutive min. of nonresponding- 

Half of the Ss in Groups 1 and 2 were extinguished 
Under white light, the other half, under red light. 
All the Ss in Group 3 were extinguished under 
Stimuli associated with CRF, and all the Ss in Group 

Were extinguished under stimuli associated. with 
К, so that in each group half of the Ss were ex- 
tinguished under white light and the other half, 
Under red light. The stimuli were not changed 
during the extinction session, so that for all Ss ex- 
tinction was conducted on between-S basis. 

Results and discussion. — ble 1 shows the mean 
Number of responses in extinction for each group їп 
Exp. | and IT. 

For Exp. I, a comparison W n 
Sroups on resistance to extinction ustng 

allis one-way analysis of variance by 
H (3) = 17.644, р < .001. : 
, Group 1 (СКЕ between) was less resistant to ex- 
inction than Group 2 PR between), U = 3, 
b < .001; Group 3(CRF within), U = 9.5, P < .001; 
and Group 4 (PR within), U = 17, P < Ol. Group 
= Was more resistant to extinction than Group 4, 

nificant differ- 


There was no 51р] 
5 groups, Groups 3 and 


as made between all 
the Kruskal- 
ranks, with 


U = 20, p < 05. 
FS between the two within- 
1 U = 46, p > .05. 

5 For Exp. II, a comparison W: 

Wants on resistance to extinctior 
salis one-way analysis of V 

H (3) = 24, p < .001. 


as made between all 
п using the Kruskal- 


ariance by ranks, 
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TABLE 1 


MEAN NUMBER OF RESPONSES 
IN EXTINCTION 


Group Exp. II 
1 (CRF between) | 
2 (PR between) | B 
3 (CRF within) | 286.9 
4 (PR within) | 392.4 


Group 1 (CRF between) was again less resistant 
to extinction than Group 2 (PR between), U = 0, 
p « .001; Group 3 (CRF within), U = 0, p < .001; 
and Group 4 (PR within), U = 0, p «.001. There 
was not a significant difference between Groups 2 
and 3, or between Groups 2 and4. Group 3 was less 
resistant to extinction than Group 4 (U = 21, 
p < 05). 

In both experiments a PRE was obtained, Group 2 
being more resistant to extinction than Group 1. A 
GPRE was also obtained in both experiments, 
Groups 3 and 4 being more resistant to extinction 
than Group 1. These findings are important in that 
they establish concordance between discrete trial and 
continuous trial partial reinforcement phenomena. 
The results of Exp. П do, however, differ from Exp. I 
in that a within-5 PRE has been obtained in Exp. IT, 
Group 4 being more resistant to extinction than 
Group 3. 

In the continuous trial situation, resistance to 
extinction is a function of the absolute number of 
nonreinforced trials (Dutch and Quartermain, 1967). 
"This suggests that “persistence,” defined asa specific 
energy or work requirement, is necessary for PR to 
be effective in obtaining a PRE. Further support 
for this element can be indirectly derived from the 
experiment of Pavlik et al. (1967). ‘They obtained 
a reversed PRE for within-S groups when their 
acquisition and е: tinction schedule changes Were 
time based. Taken in conjunction with the findings 
from Exp. I and II, it is assumed that persistence 
generalizes to the bar-pressing response as a whole 
and the strength of this effect on behavior is such 
that it is difficult to bring persistence of the response 
under stimulus control, hence the PRE and the 
GPRE. 

The hypothesis bes 
findings is that of Am el et al. (1 
however, be an additional fac 
continuous trial situation which 
velopment of a within-S effect. It seems likely that 
this additional factor was the possibility of develop- 
ing different modes of responding in the continuous 
trial situation. For example, in the continuous trial 
situation, an S on an FR-10 schedule tends to make a 
chain of responses approximating to the length of the 
schedule, in this case a run of approximately 10 
responses (e.g. Bindra, 1963), whereas on a CRF 
schedule the responses are clearly single, with each 
response being separated by consummatory be- 

to the two schedules in the 


havior. Exposing Ss : 
within-S design therefore developed a different mode 
ach schedule. In this way, dis- 


commodate these 
There mus 


of response for ег 
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tinctive modes of response became associated with 
the distinctive stimuli accompanying the distinctive 
schedules of reinforcement (e.g., Ross, 1964). 
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ENCODING PROCESSES IN THE STORAGE AND RETRIEVAL OF SENTENCES 


RICHARD C. ANDERSON: 


University of Illinois 


In two experiments people attempted to 
Series of once exposed sentences given the 


Groups that 


many words as a group that received or. 
ditional probability of correct recall on 


on the verbatim item, based on the s. 


that the Storage of sentences u 
performance on verbati item 
formance on paraphrase items, a 


paraphrasing. 


Bobrow (1970) has argued that whe. 
from Sentences, they store me 
strings of speech Sounds. He presented pairs of 
nouns twice, each time embedded in a Sentence (e.g., 
The animal's bark scared the big league pitcher) 
Changes in the second sentence did not affect recall 
of the last noun ina Sentence, given the first noun as 
the retrieval cue, as long as the referents of A 
remained the same (e.g., The dog's bark frightened the 
us iE However, when the sense of the 

ouns changed (ep. Ty 
porcelain pitcher), E NH e Ei 


Ss were storing S, Context-induced 
changes in the Meanings of the words would not hav 
affected performance, Hence, the results imply that 
Meanings were stored rather than sounds, Г 

The present study used a different Strategy to ex 
plore further Whether the long-term storage i 
Sentences entails sounds or meanings. After à sin 3 
presentation of a list of sentences, Ss attempted ы 
recall the subject nouns given as retriey, 
verbatim and paraphrased predicates. 
was that if a Person had stored only 
code, he would be able to answer a 


n people learn 
anmgs rather than 


leval cues 
The logic 
a phonological 
er a verbatim item, 


1 Requests 
Department of Русо тошо ре 
University of Ilinois, 8 Lon T 


for reprints 1 


received imagery instructions recalled two and one-half times 
al repetition instructions, yet the con- 
a paraphrase item given correct recall 


ame sentence, was nearly as high in the 
repetition group (.83) as it was in the im 


tally enta 


was consistently somewhat better than per- 
fact not attribut 
term, phonological store апі probably not 


recall the subject noun of each of a 
verbatim predicate or its paraphrasi 


agery groups (.92). 'The implication 
ils semantic encoding. Nonethel 


able to recall from a short- 
attributable to inexactness of 


but unable to answe 


г the paraphrase item based ОП 
the same sentence. If a person could answer the 
verbatim item and the Paraphrase item for a sen 
tence, then he must have stored a semantic code ОГ 
have stored both a semantic and a phonological ЕТ 

One objection to Bobrow's (1970) study is that @ T 
is Ss Composed continuation sentences guias 
learning, a procedure that presumably makes E 
ingful processing more probable. It may be mad 
People can learn and remember a phonological Er 
if conditions predispose them to do so. To rs 
gate this Possibility, half of the Ss in the Ded 
experiment were instructed to repeat each ene 
aloud again and again, a procedure that should ne 
phonological encoding more likely. The remain | 
Эз were instructed to form a vivid mental image y 
the event described in cach sentence. Image n 
instructions are known to facilitate sentence earns 
(e.g., Anderson & Hidde, 1971), and forming ? 
mage surely entails semantic encoding. der- 

Method.—1. Experiment 1; The Ss were 48 fonā 
graduates, participating to fulfill an айе аз- 
Psychology course requirement and randomly the 
signed to conditions upon appearance for 
experiment. 

Twenty pairs of sentences were constru tica 
Within each pair, the subject nouns were iden 


h 


cted- 
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while the predicates were, in the judgment of E, 
fairly close paraphrases of one another. Most of 
the sentences consisted of a subject, a verb, and a 
direct object in that order. Except for the subject 
noun and articles, all the words in a sentence and its 
Paraphrase were different. The subject nouns desig- 
nated kinds of people (e.g., occupational titles). 
They were selected from among such nouns with a 

Fequency of between 200 and 700 occurrences per 
3$ million in the Thorndike-Lorge List T. Тһе 
nouns were assigned at random to sentence pairs, 
with the restriction that there was not an obvious 
т очайоп between the noun and the predicates. 
Some examples of pairs of sentences are: The governor 
was mad at the instructor and The governor was angry 
with the teacher; The uncle shouted an obscene remark 
and The uncle yelled some dirty words; The traveler 
appreciated the gift and The traveler was grateful for 
Ne present. 

е Half of the Ss were instructed to bring to mind a 
Vivid mental image of the event described in each 
Sentence. The remainder were told to read each 
Sentence aloud as many times as they could during 
the presentation interval. During learning, half of 
the Ss received one sentence from each pair; the 
Other half received the remaining sentence. There 
Were two forms of the test, and every 5 got both 
forms in counterbalanced orders. Half of the items 
în each form of the test repeated the predicate of a 
Presented sentence and half paraphrased the predi- 
Cate of a presented sentence. Over the course of the 
two tests, every S received both a verbatim and a 
Paraphrase item for each sentence. 4 
A he E presented sentences typed on 3 X 5 in. file 
ards one at a time at a 6-sec. rate. The presentation 
dn paced by beeps from a tape recorder. Following 

€ trial on the 20 sentences, the two tests were 
ouministered. "The test items, which were also typed 
519 X Sin. file cards, соп ted of the sentences with 
n. blanks in place of the subject nouns. The tests 
еге S paced. Oral responses were required. 

Е ollowing Nelson's (1970) procedure for insuring 
n àt only items in long-term storage are available at 
bal sentences and test stimuli were presented in 
locks of 10 items. The block of items presented 
irst during learning also appeared first during each 
st. The order of blocks was counterbalanced. The 
“rms of the test were arranged 50 that half of the 
items within each block were verbatim and half were 
Paraphrased. Within blocks the order of sentences 
T test items was randomized by shuffling the file 
ards, The blocking procedure usually introduced 
an interval of at least 1 min. between presentation 
and testing, However, since an S-paced testing 
Procedure was employed, the retention interval was 
ess than 1 min. on some items for some Ss. 

2. Experiment II: The Ss were 37 undergraduates 
Hoo Participated to fulfill a requirement in E 
atroductory educational psychology course. Forty- 
ight Ss were to have been involved; however, the 
Xperiment was terminated early because the pool of 
available Ss was exhausted. To compensate for the 


act that there were disproportionate numbers of 
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cases per cell, an unweighted means analysis of 
variance was employed. 

All Ss received imagery instructions. Following 
one presentation of the sentences, the same ones used 
in Exp. I, half of the Ss completed arithmetic prob- 
lems for 2 min. before receiving the tests. The 
remainder took the tests immediately. Unlike Exp. 
Tu the test items were presented at a 6-sec. rate. The 
arithmetic problems—pairs of two-digit numbers to 
be added or subtracted— were also presented at a 
6-sec. rate. In all other respects the two studies 
were identical. 

Results.—1. Experiment 1: The imagery group re- 
called 65.2% of the subject nouns, whereas the 
repetition group recalled only 24.9%, F (1, 46) 
= 52.39, р < .01. The Ss recalled 46.6% given a 
verbatim cue and 43.5% given a paraphrase cue, a 
small but significant difference, F (1, 46) = 8.42, 
p < .01. The only other significant effect was the 
Type of Test X Test Order interaction, F (1, 46) 
= 4.67, p < .05; recall was greater for verbatim than 
paraphrase items on the first test but slightly greater 
for paraphrase items on the second test. 

For the most part, Ss either got both the verbatim 
and the paraphrase items for a given sentence right 
or they got both items wrong. The proportion of 
both right or neither right was .925 in the imagery 
group and .940 in the repetition group. Pooling the 
data from the imagery and repetition groups, which 
were negligibly different, verbatim items were cor- 
rect alone .049 of the time while paraphrase items 
were correct alone in .019 of the cases. The con- 
ditional probability of a correct response to a 
paraphrase item given a correct response to the 
verbatim item based on the same sentence was 922 
in the imagery group and .827 in the repetition 
group, t (46) = 1.60, p > .05. 

2. Experiment 11: Recall of subject nouns aver- 
aged 68.1% givena verbatim cue and 63.5% given a 
paraphrase, £ (1, 29) = 25.00, p < .01. Recall was 
slightly, but not sign antly, lower after a 2-min. 
delay, F < 1. Presence or absence of the delay was 
not a factor in any interaction. Once agatn, para- 
phrase performance improved slightly from the first 
to the second test whereas verbatim performance got 
somewhat worse, but in this experiment the Type of 
Test X Test Order interaction was not significant, 
F «1. і 

The proportion of cases in which the verbatim. and 
paraphrase items for a given sentence were either 

As in Exp. 1, 


both right or both wrong was 931. 
as correct it was niore often 


when exactly one item wa f 
the verbatim item than the paraphrase. Verbatim 
and paraphrase items were correct alone in .058 and 
.011 of the cases, respectively. The conditional 
probability of recall on а paraphrase item given 
recall on the verbatim item based on the same 


sentence was .915. 
Discussion —The рг т h 
when people are able to answer a verbatim question 
from memory, they are almost sure to be able to 
answer a paraphrase question based on the same 


This is strong evidence that learning from 


esent studies demonstrate that 


sentence. 
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а sentence usually entails semantic encoding, because 
a paraphrase and its base are related in terms of 
meaning but unrelated with respect to the shape or 
the sound of the words. 

Pooling across all groups in both experiments, 
there were 163 cases in which .5 made an overt error 
on both the verbatim and paraphrase items for a 
sentence. In 66.9% of these cases, the error word 
was the same on both items. This fact indicates that 
even erroneous information is highly accessible to a 
semantic probe and is further evidence for the im- 
portance of semantic encoding in long-term storage. 

In Exp. I, some Ss received imagery instructions, 
which should induce semantic encoding. Others re- 
ceived oral repetition instructions, which could be 
expected to induce only phonological encoding, if 
indeed this is possible. Recall averaged better than 
two and one-half times as high in the group that re- 
ceived imagery, yet the conditional probability of 
being right on a paraphrase item given a correct 
response to the verbatim item based on the same 
sentence was nearly as high in the repetition group as 
it was in the imagery group. These data appear to 
make untenable the position that phonological and 
semantic encoding give rise to forms 
storage which can be used 
upon .S’s strategy or circur 

Notwithstanding the 


of long-term 
alternatively, depending 
mstances, 

strong correlation between 
verbatim and paraphrase performance, recall was 
consistently somewhat better on verbatim than 
paraphrase items. There are several possible expla- 
nations of this fact. It seemed possible that the 
superior performance in Exp. I on verbatim items 
included in the first test was attributable to recall 
from a short-term phonological store. However, in 
Exp. II superior recall of verbatim items appeared 
even after a filled interval of 2 min. 


Another possibility is that the difference between 
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verbatim and paraphrase recall appeared uw 
some of the paraphrases were inexact. A En 
paraphrase might fail to induce a succe sful d 
for a stored semantic representation. To check this 
possibility, 14 Ss rated the pairs of sentences ma 
5-point scale ranging from “nearly ident d 
meaning" to "rather different in meaning. i 
reliability of the average rating, based on 
intercorrelations among ratings, was .85. Howe 
in Exp. I the correlation between the average тайпы; 
and the item by item differences between verbot 
recall and paraphrase recall was — .13, meaning E P 
there was a slight tendency for exact paraphrase he 
be associated with poor recall. In Exp. IE th 
correlation between the average ratings of M. 
phrase exactness and item-by-item differences 0 
tween verbatim and paraphrase recall was .04. E 
correlation between the item by item differences from 
the two studies was actually negative, — .07. M 
dently the inferior performance on paraphrase E 
cannot be accounted for in terms of roughness 
araphrasing. у 
Е Based on de data at hand, the conclusion seems ES 
be that while the long-term storage of sente 
usually entails semantic encoding, surface o EC 
graphic or phonological information is encode ў 
least some of the time апа can be sufficient for rec? 
from the long-term store. 
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NONSEQUENTIAL MEMORY FOR VERBAL AND 


NONVERBAL AUDITORY STIMULI? 


RONALD P. PHILIPCHALK? лхо EDWARD J. ROWE 
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Lists of 20 easily recognizable sounds or their corresponding verbal labels 


were presented for five 
Correct recall of the tw 
words were recalled significant! 
showing that verbal mate 
the correct serial order of items must 


trials under either free or serial recall conditions. 
o types of items did not differ in free recall, but the 
ly better than the sounds in serial recall, thus 
rial is more readily recalled than nonverbal when 
be retained. The findings were discussed 


in terms of A. Paivio's two-process theory of memory. 


This study was designed to investigate memory for 
Meaningful nonverbal auditory stimuli, i.e., familiar 
hannes. Despite a recent interest in the psycho- 
Ogical processes underlying memory for nonverbal 
E 1 material (ie, pictures and drawings of fa- 
D^ jar objects), little information ts available on the 
apor which affect learning and retention of 

'eaningful sounds, the auditory counterpart of 
Visual pictures. A recent study by Miller and Tanis 
(1971) has demonstrated that familiar sounds are as 
©азу to recognize as spoken words after a single 
presentation, although the level of performance is 
2elow that found for pictures by other investigators. 

he present study represents à further attempt to 

etermine the nature of the factors affecting memory 
9r auditory stimuli. 
i Гуо comparisons were made in the experiment, 
“© memory for both sounds and their corresponding 
Verbal labels was studied as a function of sequential 
petal recall) versus nonsequential (free recall) task 
pa rement, The first comparison was „designed 
in nply to determine whether, in fact, any differences 
уш exist between words and sounds such as have 
а, found for words and pictures in the visual 
(F ality (e.g, Sampson, 1970). The free recall 
b R) — serial recall (SR) comparison was prompted 
ci the results of recent studies showing that under 
stain conditions, memory for verbal material is 
Süperior to both vi ual (Paivio & Csapo, 1969) and 
auditory (Warren, Obusek, Farmer, & Warren, 

969) nonverbal material when the stimulus items 
SH to be recalled in a specific order. Thus, the 
Sequential aspect of the recall task might be one 
Characteristic which could serve to differentiate 
Memory for material that is verbal or nonverbal in 
Nature, 

s tudelhod.— The Ss were 80 intr 
qui ents who participated as р: 
буз оеш They were assigned t s 

imental conditions in groups of from 3 to 7, with 

е number of Ss in each condition equated at 20. 

A list of 20 sounds was selected from a larger pool 


Ра 


oductory psychology 
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of 67 items, most of which had been obtained from 
commercial sound-effects recordings. As part of a 
previous study,’ these 67 sounds were played to a 
group of 33 students of introductory psychology, 
who were required to supply a verbal label for each. 
The items used in the present experiment were those 
labeled consistently by at least 88% (X = 95.4) of 
the normative group, and ranged in length of 
presentation time from 3 to 6.5 sec. (X = 5.4). The 
labels of the sounds were COUGH, DOOR, TRAIN, BELL, 
TYPEWRITER, DRUM, TELEPHONE, CAT, ROOSTER, 
CLOCK, HORSE, LAUGHTER, DOG, HORN, SAW, HAMMER, 
APPLAUSE, SIREN, CYMBALS, and WIND. 

The sounds were recorded on tape in the above 
order with an interitem interval of 1 sec. This list 
was then re-recorded five times on another tape to 
produce the stimuli for five SR trials. Five different 
random orders of the items were used in FR. The 
verbal list consisted of the labels of the 20 sounds, 
recorded on tape by a male voice at a 6-sec. rate. 
The presentation rate for the two types of material 
was thus approximately equal, as the corresponding 
rate for the sounds averaged 6.4 sec. 

Conventional instructions for either FR or SR 
were read by E at the beginning of each experimental 
session. The Ss in the verbal groups were instructed 
to write down as many words as they could remember 
after each trial, either in any order (FR) or in the 
order in which they were presented (SR). The Ss in 
the sound groups were similarly instructed, except 
that they were told to "try to use a single word which 
could be used to label each sound” in recording their 
responses. One minute was allowed for recall in all 
groups. The answer sheets for each trial were 


collected at the end of the recall period. 


Results and discussion.—The recall sheets were 
scored by both a strict and lenient scoring procedure, 
eing that apparent 


the difference between the two b < 
auditory confusions in the case of the word lists 


(e.g., CLOTH for couGH) and que: ionable labeling of 
the sounds (e.g., PARTY for LA jHTER) were scored 
as correct only by the lenient criterion. Homophones 
(e.g., SYMBOLS for CYMBALS) and synonymous labels 
(e.g., CLAPPING for APPLAUSE) were counted as cor- 
rect in both procedures. The analysis of correct 


recall for the two scoring criteria yielded highly 


2 This study was conducted in collaboration with Carole H. 


Ernest. 
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16 


MEAN NUMBER CORRECT 


SHORT REPORTS 


C—— IRS 

-——a FR-W 
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D——8 SR-W 
3 4 5 


TRIALS 


Fic. 1. Mean number correct for sounds (S) and words (W) in free recall (FR) and serial recall 
SR) as a function of trials. 


similar results, and only those for the strict pro- 
cedure will be presented here. 

The number of items correctly recalled in each 
condition are shown in Fig. 1. The data were 
analyzed by a2 X 2x5 analysis of variance with 
stimulus class (words and sounds), recall task (FR 
and SR), and trials as factors. The main effect of 
task was significant (p < 001), with higher recall 
occuring for the FR groups, as was the effect of 
trials (р < .001) and the Task x T rials interaction 
(b < .001). The interaction. was due to 
rapid increase in recall scores across trials for the SR. 
пр Тһе main effect of stimulus class was not 
significant, but this factor interacted with task 
Р (1, 76) = 8.95, p < :01, such that words Were re- 
called better than sounds in 


SR but the two did not 
differ in FR. With the data collapsed across trials, 


post hoc comparisons using two-tailed 4 tests showed 
that the difference between sounds and words was 
significant in SR, t (38) = 3.40, b < .01, but not in 
ЕК, <1. The results show that under the present 
experimental conditions memory for sounds 

affected to a greater degree by the sequential natu 
of the SR task than is memory for words, 
further test of this conclusion, the dat 
rescored for correct recall only, ie., ignoring in- 
correct serial position, The mean recall per trial was 
14.06 for words and 13.11 for sounds, a difference 
which falls short of gnificance, F (1, 38) = 2.82 
p 2.10. Thus it seems reasonable to conclude that 
the difference for SR illustrated in Fig. 1 is the result 
of the sequential recall requirements, rather than 


a more 


is 
re 
Asa 
à for SR were 


some more general factor such as decreased availa 
bility of the sounds in this condition. ч allel 
The present findings form an interesting. para M 
to the results of Warren et al. (1969). Т hese b 
perimenters found that Ss generally exhibited tp 
inability to remember the correct order of Tona 
sounds (a high tone, a low tone, a hiss, and a PUR 
presented in rapid succession at a duration of ^al 
msec, each. On the other hand, correct serial тес 
of four spoken digits presented under the same ned 
ditions produced little or no difficulty, thus E 
cating that order information is more readily Ere 
able for verbal material. Comparison of t that 
results with those of the present study is somey on 
tenuous because of the different experimental ҮЕ 
ditions (e.g., the time parameters involved), bu that 
two sets of findings are consistent in ЕЦЕШ СЫП е 
auditorially presented verbal material is 129 à 
better than nonverbal when the correct orderir ER 
items must be maintained. The results for Фе ol 
condition alone are also comparable to rine 
Miller and Tanis (1971), who found no di та 
between familiar sounds and spoken words in 7 
nition memory. ically i 
The ionis may be interpreted theoretically 
terms of a two-process theory of memory prof of 
by Paivio (1971), which postulates the existe mory 
both verbal and nonverbal (visual imagery) des 
Codes. "These coding systems may be differet a 
functionally by their relative specializat о, E 
sequential and parallel processing of ver A an 
nonverbal information, respectively. Рау 
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Csapo (1969) have presented evidence that per- 
formance in nonsequential memory tasks (free recall, 
recognition memory) varies with the availability of 
both memory codes, while the verbal code alone is 
crucial in sequential memory (immediate memory 
span, serial learning). The availability of imaginal 
and verbal codes was varied by these Es through the 
Manipulation of presentation rates and stimulus 
concreteness, with the stimuli being presented visu- 
ally. Their results strongly supported the postulated 
distinction between verbal and nonverbal memory 
codes in terms of sequential and nonsequential 
Processing properties. 

The results of the p 


resent study are also relevant 
to this theoretical approach. Even though the 
Verbal labels were readily available for the sounds— 
indeed labeling was required by the nature of the 
Tecall procedure—it seems reasonable to assume that 
Verbal as opposed to nonverbal processing played a 
relatively greater role in the coding of words, and 
thus facilitated their serial recall. Given that this is 
30, it follows that verbal processing is more efficient 
When items are to be recalled in the correct serial 
Order. As noted above, the same conclusions in 
Support of Paivio's theory were reached by Paivio 
and Csapo (1969). However, it is not clear from 
their results whether the facilitative effect of verbal 
Coding of material in sequential recall is attributable 
to verbal processes per se or to some general property 
Telated to the auditory sensory modality, to which 
the verbal code is functionally linked (Paivio, 1971 bL 

€ results of the present experiment agree with 
those of Warren et al. (1969) in suggesting that 
Yerbal processing alone is the effective variable, since 
in both cases serial recall of auditory stimuli was 
enhanced by the relative predominance of the verbal 


me 
Memory code. 
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Finally, it is interesting to note that the nature of 
the Stimulus Class X Recall Task interaction ob- 
served with auditory material is not the same as that 
found with verbal and nonverbal (visual) material 
presented at a rate that permits verbal labeling of 
both types of stimuli to occur (Paivio & Csapo, 
1969). Unlike the present results (Fig. 1), where 
words and sounds differed only in serial recall, ex- 
amination of Fig. 2 of the Paivio and Csapo study 
shows that at the slow presentation rate, recall of 
pictures was higher than recall of the verbal labels in 
nonsequential tasks while the two did not differ in 
sequential memory The overall pattern of results 
from the two experiments suggests that pictures 
might be superior to sounds in both types of tasks. 
More specifically, recall of nonverbal visual material 
is facilitated in nonsequential tasks, while recall of 
nonverbal auditory material suffers in sequential 
tasks, relative to the recall of verbal material alone. 
Any speculation concerning the reason for this 
apparent difference in retention of nonverbal stimuli 
in the two modalities would be premature at this 
stage, but the findings do suggest a possible func- 
tional distinction between visual and auditory 
imaginal processes. 
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INDEPENDENCE OF VERBAL AND VISUAL CODES 
OF THE SAME STIMULI! 


HARRY P. BAHRICK ? 


{р PHYLLIS BAHRICK 


Ohio Wesleyan University 


This study determines the relation between accuracy of visual recognition 9 
previously exposed object drawings and probability of correct verbal IER Е 
tion of the object names оп a multiple-choice test. Тһе results eese xn 
performance on the visual and verbal tests is uncorrelated. It is concluded t pat 
organizational class characteristics of visual storage do mediate verbal pot 
tion, but that retention of these class characteristics is uncorrelated wi 5 
retention of the item-specific aspects of visual storage needed for accurate 


visual recognition. 


Information presented in visual form is often 
recoded verbally, and vice versa, and one code may 
serve to improve retention of the other. Thus, 
Bower (1970) has shown that visual imagery in- 
structions during learning can improve recall per- 
formance of verbal material. Little is known, how- 
ever, regarding the nature of the interrelations 
between visual and verbal codes during acquisition 
and retention. For example, the two codes may be 
maintained in storage independently, with one 
acting as a retrieval cue for the other; or the verbal 
code may be partially or completely lost and verbal 
retention depend upon recoding of certain aspects of 
visual storage at the time of recall. 

Visual and verbal memory have frequently been 
compared, but the dat: 


tention of the same sti In an 


1968), 


call the object 
by committing 
drawings they 
à visual recogni- 
elation of verbal 
» it was concluded 
Tage to aid verbal 


А based on the as- 
sumption that recall of a verbal label for visual 


г ncorrelated wit 
Preservation of other rae 


г of aspects necessary for 
visual recognition. Thus, 5 may be able to recall 
that he saw а drawing of a cup by 


t retaining a а 
image of a cup, but retention of this sehen fa, 
De ees with retention of other visual 

etails such as tl d 
awed 1р or the shape of 
An alternative 
pendence of the t 
the fact that the 


accurate 


he design on the cu 


interpretation of the observed inde- 
Wo indicants of retention is based on 
verbal test involved recall while the 


visual test involved recognition. The relation ii 
tween recall and recognition is somewhat cont re 
versial (Tulving & Thomson, 1971), but Rue 
much evidence that recall is greatly influenced i 
organizational variables which determine acre у 
the desired material, while recognition Беота 
is relatively unaffected by organization, since a oa 
to the material is provided through the recogni ved 
test (Bahrick, 1971; Kintsch, 1970). The observo 
independence of visual and verbal retention E the 
thus reflect independence of the accessibility d 
visual image from its accuracy. The visual ir m. 
must be accessible in order to act as a mediator by 
verbal recall. If the accessibility is determined is 
factors uncorrelated with the accuracy of the тава 
then the accuracy of the image will be a poor Ps 
dictor of verbal recall probability. To test nce 
alternative explanation of the observed independen he 
between verbal and visual performance 1n d 
present investigation, verbal recognition tests We 
substituted for the verbal recall tests. Jha Е 
Method.—The 16 Previously used drawings Ys 
common objects (Bahrick & Boucher, 1968) we 
presented on an oversized memory drum at a ind 
rate to 40 undergraduate volunteer Ss. Та 
conditions were the same as those described in 
earlier study. The Ss were alternately assigne mi a 
four groups of 10 < arranged in accordance W! the 
2 X 2 design. Asin the previous investigations po. 
independent variables in the design were the numo 
of exposure trials of the list (1 or 9) and the MIS i 
encoding instructions (free or instructed reco EC 
The four groups are designated respectively, ^ 55 
TR-IR, 1 TR-FR, 9 TR-IR and 9 TR-FR. MINES 
who served in 1 TR groups were shown the drav who 
in one of three random sequences. The RUE 
served in 9 TR groups were given a 20-sec. in wings 
interval, and the three random sequences of drow ig 
Were alternated on successive trials. Free prx th 
(FR) groups were instructed only to Soe 
series of drawings carefully as they would be reqa"; 
to recognize them later. The instructed de 
(IR) groups were told in addition to call о 
name of each object as the drawing appeare all 2* 
window. Two weeks after original expose im- 
Were given verbal recognition tests, follower e al 
mediately by visual recognition tests. The sente! 
tests consisted of 16 multiple-choice items рге 
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on individual slips of paper. Each item consisted of 
five typewritten object names, one of which was the 
name of one of the object drawings exposed during 
training. The four wrong alternatives referred to 
object names, which had no strong association with, 
or obvious similarity to, any of the drawings that had 
been shown. The Ss were allowed 8 sec. to identify 
the correct alternative and were instructed to guess 
if necessary, making the procedure forced choice. 
They were then administered the next test item 
related to another drawing. The 16 test items were 
administered to each S in a different random 
sequence. 

The visual recognition tests were identical to those 
described in the previous investigation. There were 
16 test items and each item consisted of 11 drawings. 
One of these was the originally exposed drawings, 
while the 10 wrong alternatives were drawings of the 
same type of objects scaled to resemble the original 
drawings in 5 degrees, with 2 drawings representing 
each of five levels of similarity. The Ss were allowed 
8 Sec. to identify the correct drawing and were 
instructed to guess if necessary. The similarity 
rating scale and the testing procedure have been 
described previously (Bahrick, Clark, & Bahrick, 
1967). In the earlier study, performance of control 
Ss who received only the visual test indicated that 
administration of a verbal test had little or no effect 
Upon subsequent visual recognition. performance. 
Comparable controls were omitted in the present 
Investigation. 

Results and interpretation. 
formance of the four groups on the visual and verbal 
Tecognition tests. Visual test performance was 
Scored by categorizing responses as correct, or as 
first-, second-, third-, fourth-, or fifth-degree errors. 
Asin the previous investigation, monotonic gradients 
9f generalization can generally be plotted from the 
data of each group, and the slope of the gradient 
reflects the degree of training. 

Verbal recognition performance is scored in terms 
of the total number of correct responses out of the 
160 test items administered to each group. Analysis 
of variance of these data indicates the expected 
Significant effects due to the degree of training, 
F (1, 36) = 7.69, p < 01. Instructed verbal en- 
Coding during training has very little effect, Ё (1, 36) 
= 2.03, p > .05, and the interaction of encoding in- 
Structions with the degree of training is not signifi- 
cant, F (1, 36), р < 1.00. In the earlier study, in- 
Structed verbal encoding facilitated verbal recall only 
Or the groups tested immediately after traming, but 
not for the groups tested 2 wk. after training. This 
interaction led to the conclusion that verbal encoding 
Was an important determinant of immediate verbal 
Tecall, but that 2 wk. after training verbal recall was 

ased mostly upon recoded visual storage: , This 
Conclusion is in accord with other findings (Nicker- 
Son, 1968; Shepard, 1967) and is supported by the 
Present data. The fact that 2 wk. after training 
Verbal recognition performance is still very high, but 
Shows no significant effect due to 


verbal encoding 
Instructions, suggests strongly that the verbal recog- 
nition performance at that time is 


—Table 1 shows per- 


based more upon 


TABLE t 


FREQUENCY DISTRIBUTION FOR RESPONSES 
RECOGNITION г WITH ASSOCIA 
R 2 


Similarity scale distance of testing 


stimuli from training stimuli Verbal 
Group recognition 
frequency 
о Vk cael AR КАЗДЫ» 
1 TR-IR | 41 | 43 | 27 | 20 | 14 | 15 9 
1 TR-FR | 32 | 31 | 37 | 24 | 23 13 si 
9 TRIR | 49 | 41 | 32 | 21 | 14 |. 3 132 
9 TR-FR | 50 | 46 | 30 | 18 | 8 8 120 


recoded visual storage than upon direct verbal 


storage. 

The most important results of the present in- 
vestigation concern the interrelations between verbal 
and visual recognition performance for the same 
drawings. This relation is shown in Table 2 in the 
form of conditional probabilities of verbal recogni- 
tion given a certain level of accuracy of visual 
recognition of the same s imuli. It is apparent that 
the conditional probabilities vary systematically be- 
tween rows, but not within the rows of the table. 
This means that verbal recognition probability is a 
function of the degree of training (as previously 
established) but is independent of the accuracy of 
visual recognition of the same stimuli. 

The visual and verbal tests differ in several ways. 
The number of alternatives on each item of the test 
is not the same, and the visual test provides foils of 
scaled similarity to the correct choice, permitting 
multicategory scaling of error magnitude, while the 
verbal test can be scored only dichotomously since 
y of foils to the correct alternatives is not 
determined. The effects of differential sensitivity of 
indicants upon the measurement of learning and 
retention have been discussed elsewhere (Bahrick, 
1964, 1965) and the critical requirement for the 
determination of interrelations among indicants of 
learning is that both indicants must reflect acquisi- 
tion changes during comparable stages of practice. 
Despite the differences between the verbal and 
visual tests, this requirement is clearly met. After a 
single exposure trial on the visual test, the correct 
alternatives are chosen nearly three times as fre- 
quently as the least similar foils, indicating great 
sensitivity to learning at this stage. The Ss trained 
for nine exposure trials chose the correct alternatives 


the similarit 


TABLE 2 

BAL RECOGNITION AS A 
ACCURACY OF VISUAL 
qE Four GROUPS 


CONDITIONAL PROBABILITY OF 
FUNCTION or DEGREE OF 
RECOGNITION FOR TF 


sual recognition error magnitude 
Group 

0 1 2 3 4 5 
51 .63 45 71 .60 
55 39 58 43 Jl 
76 91 лу .93 .67 
48 73 -67 45 87 
65 A 60 71 R2! 
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nearly 10 times as often as the least similar foils, 
indicating continued sensitivity of the test to the 
effects of training during this period. 

The chance base line for the five alternative verbal 
test items is .20, i.e., a frequency of 32 correct re- 
sponses out of the 160 responses made by each group 
of 10 Ss. Actual performance is at approximately 
three times the chance level after one exposure trial, 
and the test continues to be sensitive to training 
during the later trials. Thus the visual and the 
verbal tests both reflect acquisition during com- 
parable stages of training, but item-specific acquisi- 
tion on the two tests is uncorrelated. Verbal 
recognition is equally probable for drawings cor- 
rectly recognized and for drawings on which large 
recognition errors are committed. The previous in- 
vestigation showed that verbal recall probability is 
independent of the accuracy of visual recognition, 
and the present data indicate that this is not due to 
independence of the accuracy of the visual code from 
its accessibility. Rather, the accuracy of the visual 
code is uncorrelated with the recognition probability 
of the corresponding verbal label. In light of the 
earlier conclusion that verbal recognition 2 wk. after 
training does depend upon recoding of visual storage, 
it follows that the mediating function of the visual 
code is independent of its fidelity or accuracy as 
measured by the visual recognition tests. Thus the 
mediation effectiveness of visual storage is unrelated 
to accuracy or completeness in relation to the 
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stimulus. It is concluded that organizational or 
class characteristics of visual memory traces are re- 
tained independently of more specific item charac- 
teristics, and that the former, but not the latter, 
determine the effectiveness in the mediation of long- 
term verbal recognition or verbal recall. 
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MODES OF REPRESE 
WELL EVOLVED 


STEVEN H. 


(TATION AND PROBLEM SOLVING: 


IS HALF SOLVED 


SCHWARTZ 


Wayne State University 


Thirty adult Ss attempted to solve six 
problems which varied in num 
employed, and 
protocols were cl 
matrix—clearly superio 
Affirmatively stated proble 
with other task variables 
of the task variables se 
representation Ss employed. 
matrix mode of representation were m 


r to other for! 


having littl 


This research was designed to explore the relation- 
ships between how information in problem-solving 
tasks is represented or organized by adults and their 
subsequent performance. The effect that repre- 
sentation may have on cognitive activities has 
recently been stressed by theorists in perception, 
verbal learning, artificial intelligence, and problem 
solving (Mandler, 1967; Posner, 1969; Simon & 


Newell, 1971). Such a concern is not new to 
Dsychology; it represents à re-emergence of the 
“restructuring the field,” 


Gestalt emphasis on 
reorganizing the task," or 
new way" (Dunker, 1945; 
reconsideration of these pro 
the constructs derived from 
Processing approaches to lea 
(Neisser, 1967; Norman, 1970; 
appears promising. 

To assess the effects о 
designed which required 
ization of information. 


"seeing the problem a 
Wertheimer, 1956). A 
blems using some of 
recent. information- 
rning and cognition 
Reitman, 1969) now 


f representation, tasks were 
S to make overt his organ- 
À “Who-done-it” type deduc- 
tive reasoning problems generate such written 
Protocols for nearly all Ss, since the memory load 
is normally too great to solve these problems "in 
your head." 

ositive problem. 

s—5 values): 

Each one is suffer- 


Conjunctive p 

(8 dimension 

, Five men were in a hospital. 
ing from a different disease- 


The man with asthma is in Room 101. 
. Mr. Alex has cancer. 
Mr. Osborn is in Room 105. 
Mr. Wilson has TB. 


1 with mononuc is in Room 104. 


- The mar leosis 
Mr. Thomas is in Room 101. 
. Mr. Wilson is in Room 102. 

One of the men has epilepsy- 
One of the patients is in Room 
WHAT DISEASE DOES MR. YOUNG HAVE? 


pe sent to Steven Н. Schwarte 
d ре sekenzie Hall, Wayne State 


103. 


rints shoul 
chology, 746 Mac 
48202. 


Da Requests for r 
Jepartment о! l 
niversity, Detroit, Michigan 


3 


affirmative versus negative st 
assified into five modes 


ms were solved more е 
emed dependent on t 


Possible re 
nentioned. 


*who-done-it" type deductive reasoning 


ber of relevant dimensions, logical connective 


atement of information. Written 
of representation, with one—the 
for affirmatively stated problems. 
asily than negative problems, 
The effect on solution rates 
heir influencing the modes of 
for the effectiveness of the 


ms 


e effect. 


sons 


Conjunctive negative problem 
(4 dimensions—$ values): 

Five different men of five nationalities live in five 
different colored houses. Each one has a pet and a 
favorite drink. 

The hyena's owner doesn't live in the white, 

yellow, or green house. 

. Neither the Japanese, the Indian nor the 

Englishman lives in the green house. 

Neither the American nor Canadian owns a 

zebra. 

The tea drinker doesn't live in the blue house 

and doesn't own a turtle, hyena, or ox. 

. Neither the Japanese nor the Englishman 
owns a hyena. 

. The beer drinke 


1; 


w 


p 


r isn't English, doesn't live 
in the red house, and doesn't own an ox. 
. The zebra's owner doesn't live in the yellow or 
red house and doesn't drink milk. 
. The coffee drinker doesn't own a zebra or live 
in the yellow house. 
. The Japanese doesn't live 
green, or yellow house. 
. The American doesn't 
green, or yellow house. 
. One of the men drinks whiskey. 
WHAT DOES THE OWNER OF 
THE HORSE DRINK? 


in the red, blue, 


live in the red, blue, 


Problems differing on à number of task variables 
known to have considerable effect on traditional 
concept-attainment tasks (Bourne, Ekstrand, 

Dominowski, 1971) were constructed in order to 
determine their effects on Ss! representation of 
information. 


Method.—Thirty-cight Ss were randomly drawn 


from the S pool at a large urban university and 
tested individually in sessions of approximately 1} 
to2hr. (Eight of th Ss were eliminated from the 
study on the basis of failing to solve or make any 
progress on а simple test problem in 15 min.) 
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TABLE 1 


PERCENTAGE OF SURJECTS SOLVING UNDER EACH CONDITION 


No. of dimensions 


Logical 


Three 
relation 


Four Total 


Afür- | Nega- 


Affir- Nega- 
mative tive 


mative tive 


Conjunctive | 80% | 20% 


13% 
Disjunctive | 87% | 27% 13% 
Conditional | 73% | 40% 33% 

Total | 80% | 29% 22% 


Note.—N = 15 per cell, 


The study employed a mixed design with number 
of dimensions as a between-Ss factor. Twelve 
“who-done-it” type deductive problems were 
constructed in terms of the following task con- 
siderations: (a) In half of the problems the informa- 
tion was presented in an affirmative fashion (i.e., 
The redhead bought the miniskirt), while the other. 
Six problems contained almost exclusively 
information (i.e., The man in Room 101 
have cancer, emphysema, 
The information in each se 
either conjunctive (Ed ha 
junctive (Dave either w. 
conditional (Jf Atlant 


negative 
does not 
or mononucleos (b) 
t of four problems used 
d coffee and pie), dis- 
ears a blue or red tie), or 
à got the pitcher, then Mon- 
treal got the shortstop.) connectives, (c) Finally, 
half of the Ss worked on problems with five values 
on three dimensions (e.g., name of girl, article of 
clothing, and color), while the other Ss’ problems 
contained five values on four dimensions (e.g., 
name of suspect, location of crime, murder weapon, 
and motive). There was sufficient information in 
each problem for determination of a unique solution. 

Each S was encouraged to show all work and had 
a maximum of 18 min. to attempt to solve each of 
the six problems. The order of problems was 
randomized. If S solved in less t 


д han the maximum 
allowed time, he went on to th 


After six problems, 5 took a bri 
logic test which was de: 
to which he could dr. 
single affirmative or ти 
tive, and condition 


A coding scheme developed fron 
sified Ss’ Protocols into the followi 
representation: (a) а m 
ing an explicit Row x Column 
dimensions and values; (b) an informal groupi; 
representation where information зу; 


in close proximity, connected by 
(c) a graphic repre 


© next problem. 


c ief multiple-choice 
signed to indicate the extent 
aw valid implications from 
egative conjunctive, disjunc- 
al statements, 


ng 
laced 


trees; (d) a sentence represent 
simply re-writing some of the 
order; (e) a miscellaneous с; 
protocols that did 


categories—often little at all was written down, 
Resulls.—Success of performance in 
percentage of Ss solving 


terms of 
each problem is 


indicated 
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in Table 1. (Time to solution yielded similar теша 
and therefore is not discussed). Тһе сауа 
variance yields a large main effect, F(1, 28) = | | 
b < .001, in terms of whether the information Da 
problem is presented in affirmative or nega i 
fashion. Affirmatively presented problems ai 
easier to solve in all conditions studied. к. 
A significant interaction was also found beret 
type of logical connective and De ve A 
negative forms, F (2,56) = 4.60, p<. | "Ades 
though negative problems are more difficu t m 
all conditions, the magnitude of the difference P 
smaller in the conditional as compared to ei 
tive or disjunctive problems. (There are about d 
as many solvers in negative as in affirmative UR a 
tional problems, compared to about one-quar s 
many solvers in negative vs. affirmative comuda s 
or disjunctive problems.) All other main effe 
and interactions were insignificant (ps > .30). 10 
There were no significant order effects, F bu 
nor any significant relation between prob ES 
solving performance and performance on the ШҮ, 
inference test (r = .25, p > .05), indicating CA 
more than the ability to draw correct inferences gon 
single statements is required to solve these problen E 
Analysis of the protocols in terms of Ss mod 
representation as classified by the scheme previo d 
described (interrater correlation of .88 QU te 
independent raters) is presented in Table 2. Be ET 
examining the table, note that Ss were rather co à 
sistent in using a dominant mode of representation 
for all problems; 80% used the same representatlo 
on at least four of the six problems they дие 2 
A number of findings in Table 2 are of particula 
interest, r 
1. Considering all 180 problems one mode bó 
representation, the matrix, was superior to all others 
in terms of success rate achieved (74% solved com 


^ ions 
pared to about 50% or less for other representatio! 


X) = 14.12, $ < 01). Further; the success ган 
for those problems with little or no representa tm 
(Category E) was significantly lower x2(1) = 4 В, 
b < .05, than even the less successful modes (By 
C, and D). 


2. The Ss employed the 
almost twice 


matrix representation 
as often on affirmative as compar 
to negative problems (p < :01). No such dimera 
were found for any other form of representation, 
(p > .50 in all other cases). ion 
3. Neither the distribution of usage nor soe 
rates for various modes of representation i di 
With type of logical connectives or number О 
mensions used in problems (all ps > .30). ев [ОЁ 
Discussion.—The comparative solution SE 
the different types of problems presented in Г the 
should be interpreted. with caution because s jdn 
problem of precisely equating the informatio! re 
each problem. In one sense, the information ient. 
sented in each problem is equivalent and sufice Я 
Unique value assignments can be deduced for 
dimensions in every problem. Likewis E vant 
lem contained two to three redundant or irrele Te 
Statements. However, information directly Po 
sented in one problem, ie, "Bob had cake 


| 


| 
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k TABLE 2 
Proportion or Times Each MODE OF REPRESENTATION Was U: 9 
RATES ON VARIOUS OO О CoRnESEONDING DOE 
Type of problem 
Mode of representation | Affirmative | Negative 3 Dimen- | 4 Dimen- | Conjunc- | Disjunc~ Condi- 
00 00 pone sions tive tive tional Overall 
Problems) | Problems) ое cee (60 (60 (60. n 
зу | Problems) | Problems) | Problems) | Problems) roblems) 
‚| Solu- | ys та s. | Solu- | туге | Solu- 
Ise | 50 Js Js зе | 20 se | Solu- | Use | Solu- - Е 
Use | ‘tion Use Dee Use | ‘tion Use | “tion | U** | tion Use Solu Use Salts 
latrix 33 | 97 | 18 30 | .67 | .25| .73 | -28 | -71 7 
informal grouping | -49 | -70 | +36 14 | яз | 50] -50 | -52 30 "PR y 
С Graph ‘og | 71 |.03 102 | 100 | 05 | .67 |.07 | .50 150 | 106 | :55 
р Sentence ‘03 | ¿50 | .03 ‘o1 | 00 | 02 | .00 | 03 | .5O ‘30 | 103 | 40 
: Miscellaneous 07 | .57 | -19 12| 18 |18! 27 | 10 | .17 39 |113 | 225 


Note.—N = 180 total problems. 


dessert," may be inherent in the combination of 


two or more statements in an alternative problem, 
ie., “Bob did not eat fruit or jello. Bob did not eat 
ice cream or pie. The five desserts available are 
fruit, jello, ice cream, ріс, andcake." In both cases, 
We can correctly conclude Bob had cake, but the 
latter presentation required a logical combination of 
three statements. Hence, one could claim the in- 
formation directly presented is less in the latter сазе. 
Since our primary purpose was to explore relation- 
Ships between representation and 


performance on à 
variety of problems, such a statement-by-statement 
equating of information W: 


as not undertaken. (A 
Study evaluating performance under such conditions 
is in progress). 


With these cautions in 
typical findings on concept-attainment tasks neither 


number of relevant dimensions nor type of logical 
relation had any significant effect on number of 
Ss attaining solution. However, as expected, prob- 
lems with information presented affirmatively were 
Significantly easier than negative problems. The 
reason for these contrary findings is suggested in 
the use of various modes of representation as indi- 
cated in Table 2. Note the only significant differ- 
ence in the distribution of modes of representation 
used occurs between the affirmative and negative 
problems with almost twice as much use of the 
matrix representation in the affirmative problems. 
The other task variables (number of relevant di- 
mensions and logical relation) had little influence on 
mode of representation employed. Hence it ap- 
pears that the effects of various task variables on 
solution rate depend on whether or not these vari- 
ables influence the modes of representation Ss will 
employ. Only when they do so can one expect 
differential solution rates- 

The study lends support 
nificance of mode of represe 
problem-solving performance. 
representations commonly us 


mind, note that unlike 


to the notion of the sig- 
ntation of information on 

Of the five types of 
ed, the matrix repre- 


sentation was. significantly superior to other types 
of representation yielding about 75% solutions com- 
pared to 50% for other types and 15% for little or 
no representations. That different representations 
may be of differential utility in different problems is 
suggested by the fact that of 30 attempts to solve 
positive problems by matrix representation, 28 were 
successful compared to only 6 successful attempts 
in 16 negative problems. Hence, not only were Ss 
less inclined to transfer the sentences containing 
negative information into a matrix format, but when 
they did so, they typically did not attain solutions. 

Further analysis of the 10 unsuccessful attempts 
to solve negatively stated problems indicates that 
in all but one case there were errors in representing 
the original information in a matrix format. Since 
the given information was not accurately repre- 
sented to begin with, subsequent cognitive opera- 
tions were in a sense doomed to failure. In six of 
the seven ca where S was able to correctly place 
the negative information into a matrix format, cor- 
rect solutions were obtained. Success on deductive 
reasoning problems such as those presented here 
seems to be due in large measure to the ability to 
accurately represent the given information in a form 
suitable for carrying out further manipulations. 

The more fundamental question of why a matrix 
representation was 50 effective for these types of 
problems is open to speculation. To suggest several 
of many possibilities, this form of representation 
clearly defines needed information (empty cells), 
suggests fruitful orders of operation (work on rows 
or columns with minimal missing information), and 
provides easy consistency checks for part solutions 
(attribute cannot occur same row Or 


column). 

Studies are currently in 
delineate between these and 
ternatives, as well as investigate oth 
for which different representations appear more 


optimal. 


twice in 


progress which attempt to 
а number of other al- 
er types of tasks 
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HIGH-SPEED VISUAL SCANNING OF WORDS AND NONWORDS! 


NEIL NOVIK? asp LEONARD KATZ 


University of Connecticut 


Letter scanning rates were compared for wi 


stimulus lists for words 
either words or nonwori 
nonwords. The results 


Recently, Kreuger (1970) demonstrated th 
Ss can search for a single letter f. 
array of real words than 
nonwords. His Ss were pr 
letter followed by an arr. 


at adult 
aster through an 
through an array of 
esented with a target 
ay of 25 six-letter words or 
nonwords arranged in five rows of five items each. 
The Ss were required to respond "yes" ог “по,” 
depending on whether the target letter appeared in 
thearray. By measuring the reaction time (RT) as 
à function of the row in which the target letter ap- 
peared, Kreuger estimated that a single word was 
processed about 100 msec. faster than a nonword. 
"These results indicated that Ss were encoding the 
stimuli at least to the extent that interletter de- 
pendencies were utilized to aid in the search of a 
target. However, Kreuger's design does not allow 
for a more detailed comparison of the visual pro- 
cessing of words and nonwords. Inan experiment by 
Atkinson, Holmgren, and Juola (1969 
presented with a target letter, followed by a hori- 
zontal display ranging from one to five letters, Т 
Ss were required to report on the presence or absence 
of the target letter in the display. Atkinson et al 
found linear increases in RT with : P 
size and 


h increasing dis 

у e asing display 
ind no slope differences between Positive and 

negative responses. 

were using 


These results Suggested that Ss 
a high-speed, serial exhaustive scan (of 
Sternberg, 1969). ; s 


Also, with this method, Which 


), Ss were 


Г ; supported in part by Grant HD- 
the National Institute of Child Health and "Hu Н 


ji ealth Training Gra 
from the United States Deng “Of Health Bde 00084-07 
рае tot k 
eslie Waite the collecti, а а 
XM nt assistance ice е collection of data and Shan, 
* Requests for reprints should be sent to Neil Novi 
ment, of, Psychology, Вох U-20, Units i d S 


ords and nonwords. In Exp. I, mixed 


and nonwords were presented. In Exp. II, Ss received 
ds. In both experiments, Ss scanned words faster than 
suggested sequential, exhaustive scanning. 


produces RTs in the 500-msec. to 1,000-msec. ranga 
a more precise measure of visual attention time 20) 
letter can be obtained than in the Kreuger (197 s 
experiment because large saccadic eye movements 
are few or absent. г 
The present studies were designed to compare 
visual scanning of both words and nonwords, пешаи 
modification of the technique of Atkinson et a^ 
(1969). This allowed for a more accurate estimation 
of the processing time of the displays as well as d 
more complete analysis of differences between words 
and nonwords. 
Experiment I.—Eighteen right-handed male under- 
graduate students at the University of Connecticut 
served as volunteer Ss. Ап additional 12 Ss were 
run, but had to be replaced due to subcriterion per- 
formance (described below). 2 
Тһе stimuli were typed on an ASR-33 teletype 
with a mask placed so that S could not see the line Er 
it was being typed, but only after the completed lin 
had been advanced to a window in the mask. Lbs 
window exposed only one line of type at a time. he 
Data General computer, model Nova, fed all th 
stimuli to the teletype and recorded responses ап 
RTs. же 
Оп сасһ trial, 5 saw two successive stimulus inem 
the first was always a single letter (the key ere 
and the second was a string of three, four, or © jo 
letters (the display), which was typed below and Pus 
Spaces to the right of the key letter. The task ky 
to scan each display for the presence or absence 
the immediately preceding key letter. ds. 
The two display types were words and nonwort 2 
For the test trials, 20 common, one-syllable Worle 
each length were chosen with the restriction maria 
letter appeared ina given word more than once. 
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MEAN REACTION TIME (Msec) 


Э. 4 


оэ 
on 
= 


NON WORDS — 


493+575S 


А. WORDS — 
630+ 19.55 


e WORDS + 
540 + 2805 ° 


DISPLAY SIZE (S ) 


Fic. 1. Expe 


nonwords were formed by scrambling the letters of 


cach word so that the resulting nonwords would 
have lower interletter dependencies. As a measure 
of interletter dependency, the average bigram fre- 
quency for each display stimulus was tabulated on 
the basis of occurrence data provided by Underwood 
and Schulz (1960). The mean bigram frequencies 
for the three-, four-, and five-letter words were 1,233, 
1,442, 1,551, respectively, while the mean frequencies 
for the nonwords were 719, 670, and 921, respectively. 

‘The trials were blocked by display size only. 
Within each block, there were four conditions made 
up of the factorial combinations of word and non- 
word with positive and negative responses. There 
were 10 trials for each condition and these were 
randomly mixed within a block. For the positive 
trials, the key letters were quasibalanced for serial 
position within the displays. For the negative 
trials, the key letters were randomly chosen from the 
remaining letters of the alphabet. 

"Three blocks of practice trials were constructed 
with different stimuli in the same manner as de- 
Scribed above. Each 5 received all the practice 
trials first. The order of block presentation was 


counterbalanced. 
The instructions consisted of 
task and apparatus; 55 were also to! 
tely as possible. 


quickly and as accura 
For each trial, the key letter was exposed for 1 sec. 
and was immediately followed by the display- De- 


pending on whether the key letter appeared in the 
display, S was required to press one of two buttons 
on the teletype, designated for "yes" and “по 

responses, with his right and left hand, respectively. 
The display remained on for a maximum of 3.5 sec. 
If S had not responded by that time, an error was 
recorded and the next key letter was presented. 
Each display was immediately terminated upon S's 


a description of the 
ld to respond as 


riment 1: Mean RT asa function of d 


isplay size (in msec.). 


response, and 1 sec. separated the response and the 
onset of the next key letter. 

There was about а 3-min. interval between the 
presentation of each block of 40 trials, during which 
time E collected the data of the previous block and 
fed the stimulus tape of the next block into the 
computer. 

Failure criterion was à median RT of above 900 
msec. for any test list, or more than 7% errors on all 
three test lists. 

A repeated-measure 
performed on the media 


analysis of variance was 
in RTs for all correct re- 
sponses on each test 'The three factors were 
type of display (word vs. nonword), size of display 
(three, four, and five letters), and response mode 
(yes vs. no). 
Means across 
puted for each condition. 
sented in Fig. 1, along with 
for each curve. All main effects attained statistical 
significance. There was an increase in RT due to 
increasing display size, F , 34) = 29.20, p < .001. 
The linearality of the data sugges serial scanning for 
both words and nonwords. Faster RT was also 
found for words than for nonwords, Ё (1, 17) = 16.77, 
p < .001, and for yes responses than for no responses 
Е (1, 17) = 41.77, р < .001. There was no first- 
order interaction involving response mode; this 
absence, together with inspection of the data suggest 
that scanning was exhaustive. The most important 
finding was a significant interaction of size and type 
of display, F (2, 34) = 12.93, P < .001. Averaging 
across response quares equations for 
RT in milliseconds for words and nonwords were 
586 + 23.55 and 505 + 49. respectively, indi- 
cating that the scanning rate for words was more 
than twice as fast as that for nonwords. 
Finally, there was а tendency toward a faster 


Ss for the median RTs were com- 
Summary data are pre- 
least-squares linear fits 
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= 
л 
А 
са 
29 © 
NONWORDS — 
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А 
504+ 4255 O 
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597.1858 9 
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DISPLAY SIZE (S) 


Fic. 2. Experiment I1: Mean RT asa function of display size (in msec.) 


scanning rate for negative responses with words and 
a slower scanning rate for negative responses with 
nonwords compared to their respective positive re- 
Sponse scan rates. The Display Size X Type of Dis- 
play X Response Mode interaction attained sig- 
nificance, F (2, 34) = 3.29, p < .05. 

"The results of Exp. I suggested that Ss were able 
to utilize the higher intraword redundancy of real 
words in high-speed scanning. They may have done 
soby adopting a set for words, that is, by performing 
in a "word" mode; the scanning of nonwords would 
not be facilitated in this mod 
made even slower than 


alone were presented. 


Specifically, i 
nonword factor was made a between- 
S would be free to adopt wh 
mized his Scanning rate in his condition, 
Experiment L.—Twenty-four right-handed male 
undergraduate Students served as Ss. Five Ss 
exceeded the failure criterion and Were replaced 
Experiment i 3 


display type as a between-Ss factor, while di: 
size and response mode remained Within-; 


Thu either on wo; 


‘Ss factor, each 
atever Strategy тахі- 


S, theref ore, received thre 
ed by three 20-tri 
were the same as 


€ 40-tria] 
al test blocks, 
in Exp, I, 


An analysis of variance was performed on the 
median RTs for correct responses on the test du 
The factors were identical to those in Exp. I, excep 
that display type was a between-.Ss factor. oH 

The only main effects to attain statistical si er 
cance were display size and response mode. RES 
Exp. I, RT was slower for negative responses ША 
for positive responses, F (1, 22) = 17.53, p < 0 d 
and also increased with increasing display us 
F (2, 44) = 12.09, р < .001. Summary data Tol 
Exp. II are Presented in Fig. 2. There was no me. 
effect due to display type, but the Display Typ: 
X Size of Display interaction was significant; 
P (2, 44) = 435, p < 025. his replicated the 
finding of E p. I that words were scanned faster than 
nonwords. Noother interactions were significant. f 

Discussion.—These results support those obtainec 
by Kreuger (1970) indicating-that words are scanned 
faster than nonwords, This was evident in both d 
periments by significant interactions of size and tyP 
of display. 3 

Although Atkinson et al. (1969) used nonwords a 
their display stimuli, their scanning rates bes 
almost twice as fast as the scanning гаа a 
nonwords found in the present study. This dif id 
ence can probably be attributed to the Еге 
number of trials experienced by Ss in the ioa 
Study. The lack of a significant first-order ins 
action with response mode in either of the P BS 
experiments, however, supports results obtained ihe 
Atkinson et al. Suggesting that Ss were scanning Ls 
displays exhaustively. Also, the large орев RE, 
nonwords, at least, strongly suggest serial process! 3 
although no information is provided about the d 
the unit, €g., letter, bigram, or other. Howe 
while serial Processing of words seemed to be in 1^ 
Cated by the data of Exp. I, it was not quise 
evident in the data of Exp. П. The slope for wo 


$^ 


"d 
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shown in Fig. 2 suggests that Ss were scanning letters 
at the rate of about 90 per second, which is quite fast 
(compared to nonwords) for serial processing. It is 
possible that with additional practice, Ss would 
have shown even faster scanning rates—approaching 
parallel processing—for word stimuli. 

It is still unclear as to which aspects of words are 
essential in order for faster scanning to occur. 
Kreuger (1970) found that RT was slower for rare 
words than for common words and slower still for 
third order pseudowords. Since all of his displays 
consisted of two, six-letter items, there was still no 
way to compare actual scanning rate for the three 
types of displays. N > 

Reicher (1969), using tachistoscopic presentation, 
found that recognition of a letter was best when the 
letter was embedded in a word than when it was 
embedded in a nonword or presented alone. More 
recently, Wheeler (1970) has tentatively suggested 
that the superior performance on words found in 
Reicher's study may be due to (a) the utilization of 
visual features from digrams or larger units, (b) 
greater efficiency in selecting letter features, and/or 
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(c) the utilization of memory for word names in 
order to decrease the uncertainty about the target 
letter. The same processes are, of course, applicable 
to the scanning results of the present study. Re- 
search is being conducted in the present authors’ 
laboratory to investigate the effects of interletter 
dependencies, word frequency, and pronounceability 
on scanning rates and strategies. 
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Cognitive 


ERRATUM 


In the article “Тһе Total Time Hypothesis: A Reply to Stubin, Heurer, and 
Tatz" by B. R. Bugelski and M. L. McMahon in the September 1971 issue, the 
name Heurer in the title and in paragraph 1, line 1 should read Heimer, i.e., 
Stubin, Heimer, and Tatz (1970). 
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CATEGORIZATION NORMS FOR FIFTY REPRESENTATIVE 
INSTANCES! 


ELIZABETH F. LOFTUS? лхо RONALD W. SCHEFF 


New School for Social Research 


Two hundred 55 were pres 
three categories into whic! 
frequency of occurrence of 
three successive positions is tabulated. 
3 conceptual organiza- 
tion and class membership have made ex- 
tensive use of norms collected by asking 
Ss to provide specific instances of common 
taxonomic categories. Two procedures for 
obtaining these norms have been used. 
Cohen, Bousfield, and Whitmarsh (1957) 
and Shapiro and Palermo (1970) presented 
category names and instructed Ss to list 
the first four items that they thought of 
as representative members of each category- 
Battig and Montague (1969) read the name 
of the category to Ss and gave them 30 sec. 
in which to write down as many members 
of that category as they could. In both 
procedures, the frequency of occurrence of 
each response to each category name was 
summed across SS, resulting in a frequency 
distribution for each category. This pro- 
vides an index of the relatedness of a specific 
instance to the general category. 

These norms have been invaluable to 
Es studying conceptual processes. They 
have been the major source employed for 
the construction of lists in studies of cate- 
gory clustering (e.g., Bousfield, Cohen, & 
Whitmarsh, 1958) and have facilitated re- 
search on semantic memory (e.g., Loftus & 
Freedman, 1970). Recently, Freedman 
and Loftus (1971) used the Battig and 
nk Enid Natkins for her ap- 
to this research. 
hould be sent to Elizabeth 
Taculty, New School for 
12th Street, New York, 


Investigations of 


1 The authors tha 
preciable contributions 
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F. Loftus, The Graduate 
Social Research, 66 West 
New York 10011. 


3 


ented 50 single-word nouns and asked to provide 


h each noun belonged. 
each of the 10 most frequent responses in each of the 


For each stimulus, the 


Montague (1969) norms and showed that 
the higher the normative frequency of the 
instance word as an associate to the cate- 
gory name, the faster Ss can retrieve that 
instance from memory. 

Since a considerable amount of current 
research involves procedures in which Ss 
are asked to categorize words, it would be 
helpful to have normative data directly 
relevant to this task. Although the avail- 
able norms are very useful, they are limited 
in that they indicate the strength of rela- 
tionship between a category name and a 
member of that category, but provide no 
reverse relationship. For 
example, 37% of Ss who were asked to 
name instances of the category SNAKES 
listed COPPERHEAD (Battig & Montague, 
1969), while only 1% of Ss who were asked 
for members of the category REPTILES 
listed соррЕКНЕАЮ (Shapiro & Palermo, 
1970). This raises the question of what 
responses Ss would give to the instance 
COPPERHEAD if they were asked to think 
of categories to which it belonged. As we 
shall see later, this reverse procedure pro- 
duces quite different results—89% of Ss 
gave SNAKE and 26% gave REPTILE. Thus, 
even though COPPERHEAD is a low-frequency 
response to REPTILES, REPTILE is a rela- 
tively strong associate to COPPERHEAD. The 
was designed to provide a 
frequency with which 


measure of the 


present study 
set of norms of the 
superordinate categories are given to par- 


ticular instances. 
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METHOD 


Two hundred students at the New School for 
for Social Research were presented with 50 instances 
and instructed to list three categories to which each 
instance belonged. A group-testing procedure in- 
volving a booklet technique was used, with groups 
ranging in size from 1 to 103 Ss. 

Fifty single-word nouns were selected so as to 
be representative members of a wide variety of 
categories. To minimize contextual effects, three 
random orders were prepared with the restriction 
that similarities between adjacent items were 
minimized within each order. In addition, when S 
gives more than one response to a particular stimu- 
lus, there is always the problem that later responses 
may be elicited by a combination of earlier respon: 
and the stimulus word. Asa way of minir g 
this problem, we required Ss to give only one re- 
sponse at a time, and arranged sequences so that a 
considerable number (50, on average) of other 
stimuli occurred between two appearances of the 
same stimulus. The words were presented in 
three random orders, cach 5 receiving all three 
orders in one of the six possible permutations. 
Stimuli were presented on mimeographed sheets 
containing all 50 words arranged in two vertical 
columns. Each S received three sheets, stapled 
together to form a booklet. The 5s were required 
to give one response to each word on each sheet. 
"Thus, Ss saw each stimulus three times, once on 


each of the three sheets, and gave three different 
responses to it. 


The following instructions were given: 


Previous investigators have presented subjects 
with a category name and asked them to think of 
items that are representative members of the 
specified category. For example, when asked 
to name items that belong to the category 
"colors," subjects might say "red," "blue," or 
"green." When asked to name "countries," sub- 


jects might say "France," "Russia," or “Ger- 
many." In this experiment we are goi 

n 1 1 going to do 
Just the opposite, You will be presented with a 
noun and we would like you to respond with a 
category to which it b 


elongs. Give the firs 
category you think of. If you see i ias 


ond time, try to respond with a di 
name to which it belongs 

a third time, respond with a ca 
is different from your first two 


you have done this for all nouns o 
the booklet. 


ontinue unti] 
n all sheets of 


Note that no explicit examples of the re 
task were given because we felt th 
bias Ss responding. 
POODLE 


quired 
at examples might 
To illustrate, if we had used 
5 our example, and suggested the cate, 
names DOG, ANIMAL, and LIVING THING 
responses, we might have encouraged th 
category LIVING THING where it otherw: 
have been used. 


gory 
as possible 
€ use of the 
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RESULTS AND DISCUSSION 


The data are shown in 50 separate tables. 
For each stimulus, we have reported the 
10 most frequent responses. Only 10 re- 
sponses are given for each stimulus because 
the frequencies are quite low for гера 
beyond this point. The frequency, out О 
200, with which each of the 10 response 
words was given in each of the three suc- 
cessive positions is shown under the columns 
headed 1, 2, and 3. The sum of these three 
frequencies yields the number of Ss M 
gave a particular response, and this tota 
is listed in the last column on the right. Y 

In tabulating the data, different forms 
(i.e., misspelled words, spelling variants, 
singular and plural responses) were com- 
bined. There were occasional illegible re- 
sponses and, in some cases, Ss wrote fewer 
than three words in response to a particular 
Stimulus, or used a particular category 
name more than once. In the latter сазе, 
the second occurrence was ignored. 

The order in which the instances are 
tabled is alphabetical. The normative re- 
sponses to each instance are listed in order 
from most to the least frequent total num- 
ber of responses. | 

At the conclusion of this experiment, 
many Ss volunteered the information that 
they found the task difficult and at times 
frustrating. Тһе reader can easily ap- 
preciate this difficulty by trying to think 
of three categories for the instances CEILING 
and DISH. The number of Ss responding 
with "incorrect" categories may provide 
an indication of the difficulty of categor! 
ing particular instances. For example: 
there were 26 Ss (13%) who gave the re 
sponse HIGH to the stimulus CEILING, aie 
20 Ss (10%) gave the response SHAPE to t! = 
stimulus piso. An inspection of the EE 
Tesponse protocols shows that this was Ue 
a matter of misunderstanding the instru 
tions as these same Ss were able to resp oe 
with INSECT to BUTTERFLY, with FRUIT Í 
CANTALOUPE, and with DOG to COLLIE. s 

The instances CEILING and pisi are i 
examples of words which do not have h 
well-defined, universal category into а 
they are classified. "The most common a 
Sponse to CEILING, PART OF BUILDING, W° 


| 
| 


x 
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given by 40% of the Ss; the most common TABLE 2 
response to DISH, UTENSIL, was given by я 
A D . Al i 
46% of the Ss. These provide a contrast Ae d 
with examples such as PEAR, SPARROW, and IE [И_з s 
DAISY shi OL ge FRUIT. 0; 

AIsy, to which 96% gave FRUIT, 97% metal Tiles ale 
gave BIRD, and 98% gave FLOWER, respec- alloy | | 13 | 12 5 | 30 
m 9 PRESS. p А В а materia 3" ens 2 uf. 27 
tively . The finding that the stimuli varied clement. lett Bell 54 
in terms of the frequency with which the light-weight material 1 [#41 9 | 21 

Е К 7 T = can 5 5 9 19 
most common response was given mirrors type of wrapping paper 3.132 а г 
a result found with the reverse procedure. reflecting material 0 10] Soe) 
Ё ї тоге 3 
When presented with the category ARTICLE mineral AS ; ES 
OF FURNITURE, 100% of the Ss said CHAIR; 
to the category name TYPE OF SHIP, the 
most common response was SAILBOAT, 
given by only 40% of the Ss. (Battig & 
Montague, 1969). Thus, regardless of the 
procedure, some stimuli have very strong 
associates and others do not. TABLE 3 

An interesting aspect of the results which 

was mentioned earlier is that even though a 7 Boat 

à 3 > esponse n 
particular stimulus word is an uncommon я MEISTE 
response to à particular category name, Boat Е 

L av ө f ati А transportation means о! 
the category name may be a relatively transportation) 50 | 13 3 | 66 
common response to the stimulus word. water vehicle 23 | 23 7 | 53 
Burre TOWA ency response to type of ship 2711 3 43 

UTTERFLY is a low-frequency p Wap ME 25 | 13 | 5 | 43 
INSECT, but INSECT is a very strong as- floating object 6 23 Mg x 
sociate to BUTTERFLY; CHIMPANZEE 15 а Very Macht оао, 
rare associate to ANIMAL, but ANIMAL is à sailing vessel 9 2 L 1 

H 17 , eas aft 3 
high-frequency response to CHIMPANZEE, to pee сга $| 0 1 6 
nameafew. Research on semantic memory 
and organizational processes must take 
these data into account. 

TABLE 1 TABLE 4 
Adultery Burglary 
WD: e f 
" just ое d 
Response Р 2 3 | Total Response ; У e 

si 39|30| 5| 74 s 3 4 
pu 25 | 21 7 53 crime 133 та ү ш 
ые 2 5 | 11 | 40 type of theft 1S | 4 
sex a 15 1 25 act 15: 1019, 45 

Anita а а Я 5 2 
с пене $| A 7 21 act of stealing 3 2l 3 2 
f 3| 10 8 21 felony 3 9 7 19 
diu T type of robbery x. et [o Gas 

үеге Ае ог z| 5 20 antisocial act 3 3 1 12 

ivorce НД Б 2 
Sexual act (sexual behavior) 9 g a | 18 jailable offense 0 2 1| 9 
morals (morality) 7 2 3| 12 evil jl 2 5 8 

еһауіог c фк 
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TABLE 5 TABLE 8 
Butterfly Ceiling 
Response Response — — 2 
1 | 2 | 3 [Total ыу, [ud 
insect 147| 7 | 5 |159 part of building 61) 13 3 
animal 29 | 23 5 | 57 part of room 42] 5 15 
flying (flying object) L825) 1,17, 43 їор 9| 18 5 
winged (winged insect, roof 10 15 1 
winged object) 2115 | 8| 25 high 5| 10 H 
flying insect Ep) 5 | 19 covering 14| 9 Е 
bug fi 5 2 14 upper limit У 8| 12 
beautiful object (pretty structural position 5 4 5 
object) 1| 7| 6| 14 height Р 2117 бу || 62 
colorful (colorful object) 1 7 1 9 architectural unit 4 2 1 
flying animal 1 5 2 8 
living thing 1 2 5 8 
TABLE 9 
TABLE 6 
Champagne 
Cantaloupe Response те ти 
Response E ———————— 1 2 à 
1 2 3 | Total — ET 
z drink 88| 17 9 
fruit 125 | 13 | 2 |140 carbonated beverage 2| 46 | 21 
melon 35 | 33 l| 69 alcoholic beverage 24 | 13 | 15 
food x 1310238 607315575. Wine 21/17 | 7 
round (round object) daos 9 | 35 liquor 23 | 11 1 
orange (orange object) 1) 17 | 11 | 29 liquid 7) 13) 11 
dessert — 7T| 6| 5 | 18 beverage 23| 3 2 
seeded fruit 3 5 9 17 intoxicant 8 7 5 
Srat AT Oe 5 E P 4 15 celebration 1 8 6 
yellow (yellow object S 
summer fruit (Ка H ieireshiment 0 3 З 
fruit) 1 3 5 9 
TABLE 7 TABLE 10 
Cathedral Chimpanzee 
Response ^ Response EO 
= MA ) 
|ә : E 8 
building 89 | 35 animal 128 | 31 3 
type of church 79 S 7 I primate 30 | 17 8 
place of worship 13| 34 | 4] 17 monkey 15| 31 | 9 
religious building 12| 11 3 38 — mammal 10 | 33 | 10 
religious symbol 9| 10 H 26 ape Ке ДЕ! 
architectural form x9. css 2 23 living thing 1 6 | il 
sanctuary "m 3 8 pet 1 7 9 
spired ш 0 5 2 Я vertebrate 1 5 7 
massive buildin 0 experimental animal (test 
Gothic building" t| з Аа сы Rex озо Р 
= 6 intelligent animal 0 2 5 


23 
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TABLE 11 TABLE 14 
Coca-cola Copper 

Response L——— = Response m 

1 2 3 |Total 1 2 3 | Total 

drink 106 | 11 7 |124 metal 167 | 17 3 |187 
soda (pop) 34| 16 8 | 58 mineral 13° || 39^ [07:3] 39 
soft drink 23 | 13 9 | 45 color 81| 423 о |35 
beverage 29| 9 4 | 42 penny з [621 4| 28 
carbonated drink 8 | 17 EIS || 32 “ore 7. | s Зэ 2s) 
liquid 2) TT 8 21 Clemens A А 5 16 
indust ation 0| 3 | 13 | 16 conductor 9 | 14 
ау espe 0| 8 | 5| I3 policeman (cop) оо шш 
commercial product 0 8 3 11 alloy 0 , 6 13 
bottled drink 1| 7| 10 coin 0| 7 2 9 

TABLE 15 
TABLE 12 
m" Copperhead 
Solis Response I —Ó———————3 
Response а лае 1 2 3 |Total 
1 2 3 |Total —— 

4 ѕпаке 149 | 23 5 | 177 
dog EO 65 fes reptile | 3t | 9 ES 
animal 21| 35 | 16 » coin 21. |17 3 | 41 
pet 3] 15 2 26 poisonous snake 1| 15 | 19 | 35 
long-haired dog 0121 0 21 dangerous (dangerous 
mammal 1| 10 29 17 snake, dangerous animal) 0| 17 | 11 | 28 
canine 179 д1 12 animal 6| 13 3,2 
Lassie 0| 8 7 10 Indian 32 3 8 
large dog 0| 3 7 | 9 serpent таи 
friend 0|..6 5 8 cold-blooded 0| $| 3 6 
Sheepdog 0| 3 vertebrate 0| 0 6 6 

TABLE 13 TABLE 16 
Corporal 
Congressman 
Ea a e o ee Response a a oe | 
Response п 1 2 з | Total 
1 2 з | Total 
79 
A k 57 13. | 9 
politician e a i $ g Ay Ember 47| 4 5 38 
government position КК; 5 | si punishment 133 294 IET ы 
official 19 | 20 11 | 50 soldier Т. 26 
representative 1 officer 175) а 20 
elected (elected official, 13 | 23 | 13 | 49 body 1| 14 5 
elected representative) 11 6 | 13 | 30 military (member of 3| 19 
legislator 7| 5 | 13 | 25 military) 7 1 4 | 16 
person 2| 13 3 | 18 enlisted man 1 а |15 
leader 2 7 5 14 person TU ? i 
male 4 5 0 9 low-status 8 6 
crook (thief) 
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TABLE 17 TABLE 20 
Daisy Dish 
Response Response 
1 2 з [тоа 1 2 3 Теш 
flower 193| 4 0 | 197 utensil 73 u 2 2 
plant 5| 24 | 11 | 40 plate, eH eiie c: ПЕ; 
yellow (yellow flower, container 9 7 2 24 
yellow object) 1|21 7 29 china 15 1 7 20 
petaled (petaled flower; shape 211 3 15 
petaled object) 0| 5 | 15 | 20 food (meal) d aca e S e 
name 0| 11 2 13 woman (girl) 1 9 13 
living thing Q7, 6 | 13 serving piece T. | ee E 8 
girl's name 1| 8 3 | 12 pottery 2. Mta 6 
weed 1| 6 | 4| 11 fragile item 0 1] 5 
growth 0 7 3 10 
fragrant (fragrant item) 0 5 4 9 
TABLE 21 
TABLE 18 
Door 
Desk Response — 
Response —— —_ 1 2 3 | Total 
1 2 3 | Total fect 
T entrance 43 | 21 | 17 25 
furniture —— 135 | 21 | 7 |163 opening 20,17 1з lie d 
writing (writing table, part of house 35 | 11 7 5 
writing surface) 211 17 3 41 exit 13 | 21 3 37 
table 17| 15 | 2 | 34 — part of building 19| 8| 9 | 36 
place of study 1| 17 8 | 26 part of room 15 9 4 28 
wood product 5 8 9 22 Passageway 3 7 |11, 21 
surface (top) 5 7 4 16 wooden (wooden thing; 
school equipment 41 205 7 16 wooden object) 9 3 3 15 
work place 4 7 3 14 divider (partition) 2 4 5 11 
office GET. 2 12 barrier Za e 4 8 
object 256 ers т EV. 
TABLE 19 TABLE 22 
Diamond 
Response Drum 
SU 5 арата Response EE 
2 2 3 | Total 1 2 3 |Total 
stone 39 ] 
jewel 45 15 8 @ musical instrument 159 | 19 4 0 
gem 35/14 | 3 32 Percussion instrument 17 | 23 | 10 M 
ring. 5| 15 | 14 | 34 Sound maker (noise maker) | 1. 33 | 7 32 
Precious stone 17 5 3 25 object to beat 5| 20 T 20 
hard (hard object) 2| 14 6 | 2 round object 3 8 9 17 
mineral 1| 3| 6 | 52 container S) ә Fal ay 
rock 11! 5 3| 19 rhythm instrument | 8 z 11 
shape 2 |" 7 | 45 Part of ear 1 7 3 10 
jewelry 6 2 4 12 instrument 0 6 4 8 
means of communication 0| 5 3 


CATEGORIZATION NORMS FOR NOUNS 361 


TABLE 23 TABLE 26 
Ear General 
Response СЕ Response ae 
d 1 2 з | Total 1 2 3 | Total 
body part 79 9 1 89 Army member 43 | 13 2 58 
organ 52 7 3 | 62 officer 29 | 16 7 | 152 
hearing mechanism 19: | 5273] 915 61 rank 18 5 3 26 
sensory organ (receptor Army rank 11 8 5 24 
organ) 16 | 14 8 38 unspecific 19] 14 9 24 
part of head Ti Paty) 2 30 category 6| 11 3 20 
part of auditory system 24 P 8 | 17 soldier (yp aa 2} 19 
appendage 5 5 1 11 military member 6 7 4 1 
огїйсе 3 4 3 10 specific 2 6 3 11 
sound recepticle 1 6 3 10 leader 1 7 4 11 
part of face 1| 3 5 9 
TABLE 24 TABLE 27 
Father Guitar 
х Lo. i NNNM 
Response ВЕЕ Response 
1 2 3 |Total 1 2 3 |Total 
а musical instrument 189 6 0 | 195 
M b ү} р ү 201 stringed instrument 6| 89 | 15 | 110 
M member 35 | 13 3|5 instrument j 3. 21 | 17 | 41 
а (таш) i|25| 1| 47 аа реда (пове арад 1 5 1 n 
Reni Nee 5 2 wooden instrument 
Roney: figure S son) 3 p Т 21 folk instrument 0 3 7 10 
= man cing (person i $H 17 hobby 1 3 6 10 
social role 1 6 7| 14 band instrument 0:1 2211908: 6 
Rend 0 © 4 10 commercial product 0 2 E 6 
mothe: 2 4 2 8 *ov үч 
leader” 2 2 4 8 
TABLE 25 TABLE 28 
Fork Harvard 
Response Р 1 Fala esponse i j з | Total 
106 
t 131 | 17 | 9 | 157 school 38 | 13 | 3 
Mer: 31) 45 | 5 | 43 university ss St Sta 
READS i9 13 | 2 | «34 college піш 
ating utenst ТАТ | 291025 sv league school 9| 19 
pronged instrument 4 7 institutio 4| 17 | 12 | 33 
farm tool 1 2 105 0 7 8 15 
split i ad 0 3 3 6 name A 4 10 
at panne ТЫНЫР м 6 буре of education . КБА Еш 
«М! 0| 2]. 6 higher education institution 1 Se oa à 
LM | 2 2 5 football team 0 4 3 7 
murieron 01-32 3 5 high-status schoo! 0 = 
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TABLE 29 TABLE 32 
Inch Mile 
Response I——1———————— Response 
tem 2" || 3: | Total 1 2 з | Total 
measurement (unit of distance 79 | 39 10 | 128 
,measurement) 168 | 13 3 | 184 measurement (unit of 
distance 5|22 7 | 34 measurement) 91 17 5 [113 
type of ruler 3| 16 | 11 | 30 type of race 5| 30 | 10 | 45 
small distance 01201 9 | 29 length 12 | 17° |56 |085 
part of foot Б АЛ 5 | 27 long distance 1| 18 9 | 28 
length 7| 5 | 11 | 23 unit of space 0} 10 5 | 15 
type of worm 20. 8 | 16 yardage 0 Ж 3 1 
unit Si MES ERES "alls ааа о 
part of yard Оор 2821510 traveling 0.] 3201 S „5 
movement Li) 33 3 7 abstraction ON Pel 4 3 
TABLE 30 TABLE 33 
Lemonade Minute 
Response Еа вьв Ro 3 Response — 
а з ао ! 2 У E 
drink 129 | 7 9 | 145 time (unit of time) 160 | 11 2 | 173 
liquid _ 13 | 25 | 22 | 60 measurement (unit of 
fruit drink 8| 19 | 11 38 measurement) 21 |18 9 43 
soft-drink 18| 9 2 | 29 part of hour 10 | 23 5 | 38 
beverage 18| 8| 2 | 2g  smallamount of time 1 | 24 2.2 
refreshment 3| 15 7 25 size 97|. AO) 1 13 
thirst-quencher 5| 7| 9 | 21 clock division 0| 4 6: | 10 
citrus drink QUI TS; 7 20 second 1 4 3 8 
sweet drink 1 7 7 15 interval 1 5 2 8 
cold drink 2| 2| 6| 10 short 3 3 7 
60 sec. 0 7) 3 5 
TABLE 31 
TABLE 34 
Response "UN Oak 
Soe Response E MÀ а 
E S Total 1 2 3 | Total 
Politician 30 2 E 88 tree 119 | 23 5 | 147 
city official i1) ын; 51 оой (type of wood) 52| 66 | 13 | 131 
government officia] 85. Ж 9 46 — plant 14| 13 | 10 | 37 
leader M 2|28 |11 49 hard (hard wood) ED E 9| 19 
elected official 11 8 | 19 41 living thing 2 7 7 16 
head 1| 21 5 38 — leaf ГЕ 3| 10 
representative 2|13| 3| 2%  tallobject ls | 6 2 
person 31.553 ЖЕ 15 type of flooring 24 $-| ns Р 
k 5 Vegetatioi 2 3 
9 6 1 i desk x & А 4 5 
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| 
Potato | 
Кезропзе o тл Response d | 
Total 1 2 3 | Total 
synthetic 132 vegetable 119 | 17 9 | 145 
puis 75 food 37 | 36 | 30 | 103 
rapie бз “лы (starchy) 18 | 19 | 11 | 48 
er plant 8 11 3 22 
sweater material 24 tuber 6 8 3 17 l 
cloth (type of cloth) 14 root (root vegetable) 2 5 7. 14 
Шеш (type of clothing) 15 round object 1 |-11.|- P25 eae 
soft material type of form 1 d 5 9 | 
washable material 7 pancake 0| 3 e 7 | 
textile 6 carbohydrate 1 Z 4 7 
TABLE 39 
Scotch 
aon J See 
a Response 
Response 1 2 3 Total 
К Total 
7 drink 63 | 14 7 84 
bird 1} 5 177 — jiquor 39 | 29 | 3 |00 
talking bird ч m alcohol 27| 17| 9| 58 
Aaima ИЕ ЖКУ 30 
tropical bird 6| 1| 18 whiskey is | 9| 3| 27 
living thing Оре Nese 12) 4) 5) 21 
winged animal 3 a 10 liquid 3| 7 8| 18 
repeater zt rds intoxicant 2185 TJ AA 
Шестое о 5 booze s |) 1 
mic Б 
TABLE 40 
Sedan 
з sd 
Response 
Response E EECUIWTGIEST A р 2 S тош 
3 Total 2 
^ Sous ARE 
7 1 | 192 automobile 
ПШ g | 52 vehicle 16| 21 | 10 | 47 
9 . 1 47 transportation. (means of 0 |18 33 
edible 5 | 26 transportation) 1| 1 E 
edi le 7 | 20 type of chair (type of Sto Wat |22 
ee UT. Ше И en оша % 
E à е -door (4-door vehicle Ё 
sweet (sweet fruit, sweet | 7 | 13  2-door КЕК vehicle 0 1 1 [ 
object) 0 4| 9 —wheeled vehicle И 
НЕ паво; 0 4 8 machine | ^ 3 5 5 
Fellow (yellow object) 0 3 7 black vehicle 


ee УС 
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TABLE 41 TABLE H 
Shrimp Sparrow 
Response — ———————— Response 
2з “тош! 1 2 3 
fish 93 | 21 5 | 119 bird 179 9 5 
food 22| 35 | 21 | 78 animal 5| 28 8 
seafood | 30 | 13 9 | 52 flying (flying object) 3| 24 | 13 
marine animal 10 | 13 | 13 | 36 small bird Ka 13 5 
shellfish 20| 6] 9 | 35 singing bird 1| a 
crustacean 10 | 13 8 31 living thing 0 2 9 
animal _ 12 8 4 24 feathered animal 1 3 4 
small object 1| 6 4 | 11  winged animal 1 5 1 
size 1| 4 2 7 vertebrate 1 3 3 
small person 0 3 3 6 mammal 1 2 3 
TABLE 45 
TABLE 42 
Toc 
Sofa Response — 
Response тт a ee 1 2 3 
| 2 3 |Total part of foot 47 | 58 5 
furniture 169| 1 2 |172 Part of body 49.| 335.7] 1 
type of seat 4| 47 | 13 64 Part of leg И Т р 
type of bed 7| 33 | 20 60 appendage iz 11 1 
couch 3|22 7| 32 digit 18 4 2 
type of chair 10| 8 5 | 53 extremity Оа? 5 
comfortable object 1 6 4 | ü has nails 0 7 6 
household object ЗБ g phalanges EE 2 
living room furniture 1 3 4 8 smaller member 0 4 2 
restful place 1 3 2 6 type of dance 0 3 2 
lounge 0 0 6 6 organ 2 1 2 
EE eee 
TABLE 43 TABLE 46 
Son Topaz 
Response Response — 
= AN 
: a 3 | Total 1 2 3 
family member EAE EE stone 55 | 25 8 
child 25|26 | 19 | 55 gem 50] 22 | 4 
male | 2) 21} 15 | 9b jewel BS 77: 1] NO 
offspring 12] 12 | 2| 39 color ИЧ 84] 32 
festive A 3 2 mineral 8| 14 4 
ЖҮЛ; ? ring 3 
sibling $ 3] 3) е (IN 
person 3 3 7 a semiprecious (semiprecious 
Progeny 3l 3 3 9 gem) 5| 4 4 
laughter 1| 4*9 g — Valuable (valuable object) 0| 4 5 
yellow (yellow object) LOT 4 3 
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1 TABLE 47 TABLE 50 
Week Yacht 
Response ag A Response 
тоат 1 | 2 3 | Total 
time (unit ofstime) 130 | 21 8 | 159 boat 14 
time period lis | 2| 33 ship EIE т 163 
part of month 12 | 23 5 40 means of transportation 6| 12 | 10 28 
part of year* 4| 25 7 | 36 status symbol TOS 3 |" 
calendar unit 12 | 15 3 | 30 water vehicle 2| 10 | 14 | 26 
composed of days 1 | 20 4| 25  vesse 7E til 31 21 
division 0 5 3 8 expensive item 1 ЛЫ! 19 
length 0315 2 7 sailing vesse 1| 16 1 18 
work units 0 3 2 sj pleasure craft 5 б 4 15 
measure 0 2 3 5 ]uxury 2| 10 2 12 
\ 
| TABLE 48 
Willow REFERENCES 
€ Lx eM MER  -- — 
Response я Barrio, W. F., & MONTAGUE, W. E. Category 
i 3 s 98 norms for verbal items in 56 categories: А replica- 
tres 159 | 13 1 | 173 tion and extension of the Connecticut category 
l plant 11| 38 | 10 59 norms. Journal of Experimental Psychology, 1969, 
wood 1| 18 3 22 80 (3, Pt. 2). 
Бш А 1 T : M BousFIELD, W. A., ConEN, B. H., & WHITMARSH, 
mune Hung T 6 5 11 С.А. Associative clustering in the recall of words 
flow 4 4 2 10 of different taxonomic frequencies of occurrence. 
ranch Е: ЗЕ а 1958, 4, 39-44. 
leaf 0 Я A : Conex, B. H., BOUSFIELD, W. A., & WHITMARSH, 
shady tree 0 СА Cultural norms for verbal items in 43 
categories (ONR Tech. Rep. No. 22) Storrs: 
TABLE 49 University of Connecticut, 1957. 
ж. FREEDMAN, J- L., & LorTUS, E ER Retrieval of 
Wool words from long-term memory. Journal of 
| Response ‚==: Verbal Learning and Verbal Behavior, 1971, 10, 
1 2 з | Total 107-115. 
| - Ө 6 s | 70 Lorrus, E. F., & FREEDMAN, Jit. On predicting 
тае e of cloth) 38 | 18 9 65 constrained associates from long-term memory. 
fabric УР 34 9 2 45 Psychonomic Science, 1970, 19, 357-358. 
sheep product 7| 17. | 10 E SHAPIRO, S. I, & PALERMO D. 5. Conceptual 
fiber 18 g At 2 organization and class membership: Normative 
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